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The GaN facet growth method growing gallium nitride crystal by producing 
facets and facet pits on a growing surface and maintaining the facets for assembling 
dislocations to centers of the facet pits has two drawbacks. One drawback is hazy diffusion 
of once-assembled dislocations from the facet pit centers. The hazy diffusion makes a set of 
defect planes aligning in radial directions around the pit centers. The other drawback is 
uncontrollability of positions of occurrence of facet pits. Random distribution of facet pits 
and defect planes prevents device makers from designing a plurality of devices not to overlap 
the defect planes and pit centers on a facet-growth GaN wafer. The new method grows a 
single crystal GaN substrate wafer by producing seeds aligning in a regularly-repeating 
pattern on an undersubstrate, growing GaN crystal on the seeded undersubstrate, forming 
facet pits just on the seeds arranged in the same regularly-repeating pattern, making 
vertically-continuing closed defect assembling regions (H) following bottoms of the facet pits, 
gathering dislocations into bottom closed defect assembling regions (H) in the process of 
growth, assembling dislocations from neighboring regions to the closed defect assembling 
regions and preparing low-dislocation single crystal regions (Z) around the closed defect 
assembling regions (H) and low-dislocation extra regions (Y) among the low-dislocation 
single crystal regions (Z). The closed defect assembling regions (H) maintain dislocations 
everlastingly and do not release dislocations again. 
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(57) .[«»] 

x/w x &Rffr?& £ tufa-? fzo ■ens©Jij« 

& S tf y h J£ SB K EH If* tt&frft* H^MLf: 

te & & t co m hi o *ts a mm m z £ mis a 




I 



1 

3B S £ ft SB t^iSSM^K £ £ 0 KS'I $ ft -5 ffi £ fcl 
U * © H H » tiR S ft fc *tt » tt «* Z 

« S 4 i*j 3 \z ^3f^m a*i# K K <k 9 Egi] $ n * EH £ fc«B 

1st * & mm x mM&mmi t. , ^nizm^vmm iz m 
& s ft itmma mwm® zt, *<DKmzw& l 

A^Kfe, 

[M$JH 3 ] Bf*I*K*l^S*£H fet^te A <h fc o T43 
0, ¥ttAA1Efiltt#1H«Zth¥ffiAeKffi^««Y» 
^T^OWm^^i^tl-^i*^ 1 *& 

fteffiBlflMft«z, ¥ttfiteCte&«ttYitt, R&£*S 
1 3 fcE*<0#iBaSft:#U ^AS 

So 

m&mwmwz, mm&i&mt&mi&Y t<o o o i> 

±0>isaia* e&s^£w»<tT£§9*® i - 3 co^-r 
ftfriztmv>mm$kmtx*) ^ass. 

tettittfMH* z fe«t«*»aistett*«« y tji, «a 

#{4^ <0 0 0 l>^fSj©^l 8 0° SfifcU ffift 
fg L T H 5 ¥*S Art* W*® 

i *fc«2 K:ia«<D**a*ft:*u #a*«. 

tettia#«i«z, ^ais<sfi:*«i*Yi:tt, *sa*ffi 
<o o o i>#[*uau 8 o° mmL* ffift^scL/ 
T^*»a*tt*»o-«a±oi(iatt* 
wat trsKi*JH i - 3 ©t^-r ft^fcE«©*ttaaft 

rft^fciB(KD»ttaftfb^u ^a»^ 0 

Itoli fifi{*<S*g& Z «fc telSM* ^ 1% <DM&fa IZ £ o Xttlty 6 ft 

fc-«a±a)ii8Afi^ ^m:^ &¥tm£~tz>m&m 1 



(2) ^2 0 0 3 - 1 6 5 7 9 9 

- 3 ^ftMcEtt<0lM8A58{t;tf U ^ASE 
ftK<4l«»fi«Zi:ttffitR^IteHJ:oTtt«Je>ft, J^HI 

a)#ttaflHe"ffiittff«*z tra-<z>»a*ttft *>o#« 
^h«t*>5 c t ^mtt^m^m i *t« 2 ke« 

«steffiisffl<*s«z ttemx'Am&M&mz&vTitwb 
ft, ^^<z)#^affiiEeK#M^zii^-^i®a^a:^ 
20 fe o a««T fc s z. t t -r & w* « 1 * ^ a 

2 fcB«<o#»aSft;*f U ^A3S«. 

[M^jgi 2] n*«tt«««*H»2. nsa>«nea 

fi<Kffil»#«*Z<fcfiffi«^R&fCcfcoT(t«^ft, i^SB 

\z mik ^ r§ s ^ ttjsa««T ^ e: t. &&wi t r ^> 

1 ^7c«2 lcE«6©*3ISaS{t;*'J ^ASffio 

ft, rtfip^^a^Pfg^msa^T^^c^^fSch 
•r&m&m i *fe«2 ciHtw-^^^Mu ^a^ 

ffifiti: Rfi f* ®i« z , ^a eete y ©wa^srtt ^ 
^ e, & s c t 1 1 z>m$tm i * tz \* 2 \z e«0* 

[^Jil 5] ffl«*RSII^fg*Htc:^*ftSjBa^ 

2, 12, 1 3C0Mft^^E«CD^j|eaa! 
ft»U^A3E«. 

2 0 0 //mt$oT, SS^HfC^^T^frBtPS^ffi 

L/T^s z. l ztemt^ztmrn 2 ^E«o¥isaaK<b 

IM^IR 1 7] BBjR«MHd«ttH<D|KS30t2 0 //m 
«J^Affiffi 0 

tti 7fcE«©*»a«ft*u9AantR. 

7c« 1 7 HE«^m«asfb^ u ^as«o 
»s#jh2 1] ^a«s<gte^ia«Y*3j;(tf*3©ais 

tef4lffl^««ztc*5Jt^¥i9a)Jfiafifi:ffiffi^5x 1 0 
50 2 fcE*<&iMSA»{fc:tf'J ">A2E«. 



3 

H»*«2 2] *jB»ft.fEffittff«J«Zlc4i^r, EH 
«#«8*£fi«H<Bifi#3 0 /im©I«t, ^UHlfe 

*<fc ■*-*»#« l 2 i:EK«)J|ittliSft« 
US, 

[■#JH 2 3] **SSISeffi*fiB«Y4=5J:^*jjSafi; 

■*■*■#« i *>ttt2 nE«©#isaafk*u 

So 

[§S#*if 2 4] |RHd« (0 0 0 1) WX&ZZt&ft 
«£*-*■## 1 *fctt2CE«<0*»»*fl23tf'J-?A 

[■#91 2 5 ] E8IB*B5*^««H£Jl^(Dfi«©^ii 

** (oooi) bt*o, H«KM*««*H<0»aii 

** (0 0 0 - 1 ) BiT** £££»*£:"}-*■#« 1, 
RftO, MffiT?**££*#tK£-r*»#m, 2, 

6 , 7 o^rn*fc:E«©#iaa*fls«u * 

[■#912 7] fflJB^BBm-&««H£A*Vo««Jc:Jct 
ftoTl^C < h*»ttm*fl2 5*&«2 6fcE 

co £ fir # c m \z w- ff iz to tf x ^ * c t » *r * 

|g#:rpi i */ttt 2 KE*<0iii«aSft;;tf 'J ^Al«, 
[i*82 9] «ffi*SaftfiSfc:43^T, BBIfi^lffim^ 
H # c M IrI m liC I- # O^T ^Sui^^ttS 
IS*® 1 *fc« 2 £fiff OWttBftftrt U ^7 a*K. 

[»#9i3 0] s«*garta8Jw*5^T, p^i^m^r 

■#91 1 2 (cEftoJNRAttfctf U 9 
[■#1113 1] «m/JPXl::J:oTS®£ (0 0 0 1) 

mhLtzct *»»<t-r *■#« 2 4 eEKawttaa 

[M#JH3 2] *i^BBffl^W*^««H<h-en&ffl 
fg* Y«J;0^ S**a»ft: Q * , PI «Utt * fc o T Jgfli] IE 

u < mm&m izmmz ittc c t trznmm 2 \z 
m>ms 3] ^^©EBfiji^piB^^Ht^n&ffl 

l < »**hk:e« d , -^Tcwicfiw* 

bs,« ffl 11 k pis »^«^ h ^st &<zlo\z^ 
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4 

2 fcBttojwaauktf u * 

tr¥*saffiKfi:lffl{*«« Z <h^n«:iatr*Sa«iEte^ 
U<*«*IBKE«Sl*Sfc»&0* Efl»Kffift£«itt 
SE^J/N°^~>(7)iEH^^<7)3a<0^^^, <1-10 0> 

[■#413 5] +^©BB«^B*-&fi«Ht-€-n*ffl 
tr*«rateteffil»#«B« Z <!:-en«:Bltr*»aiS«Kfi* 
M^YJ;i9/ci:^ffi*:ffi»«:Q^. «JWtt£fcoT«BUIE 

H^it)g^ t° * ^nnmzw.&-)5fa-D^*y asw 

— ><7)jE=^^C0ja<Z)^lp]^ <ll-20> 
#<ST&**£4#»£:-r5W#:S3 3 KEmoJtMSag 

a? tr¥*sa«isttia<*««z t^n&ffltr*tea«Kffi* 

W<D®L D il U ft £ 4 0#t$M4 £ *> O 4 lsI*r#E^|/^ 

»£?■*■#:« 3 2 \z$m<D mt&sHtjj u ^asik 0 
im*«3 7] H»^»s«^««H*«»feja^fcry^ 

MMvm&JjfafiK < l - l 0 0 >M^^f^M 
30 £T5MjRJ!3 6 HEIiEo^JSSaafb^U ^AStK, 

aw#9i3 6^E«<z)*i»afifb*u^Ai6«. 

[■#^3 9] R—^-js6©ft*»*t^«S(Oll0iB 
U^6&«2 JUS* »tt ^t)^2 EIWWE M/^ 

[gi#^4 o] ■«*»*'&«[*pi)S«fkt)fi^t;^5f 1 
jBofiiartiMiajpojH^ftjiio^iPi**, < i - i o o 

te<Dmmm*\zmM<D&ttfiffi<Dijfa&s <i 1-20 
>jj 2>m>fzm3 9{cE«co*»a 

[■#qi 4 2 ] »*a»#^«flijjE u < E$!i $ nfcat 
50 «*BBfc^^T. mttr«nsi«:n%«iH«H^Afl[(s 



1 } 

■I 

T 

« 

5 

BtL^S 0 /*m-2 0 0 0 u mt*4 Z £ ft4#f8 £f£> 

^ * C t « t -T S B»#« 1 * fc 2 fclB« <D ¥S£ A 

43^T, St5*BB^Sfilcff^T43t). XKtSAftffift 

[■hHN4 5] T»I8©±l:«««*ttl:J:oT« 
fbtf U AttAftJ«ftS-£S£fl:;tf U ■SAHSftrtit;:* 

l fc» s t ■tntflBBTsieftesjLK* e>& sen ufc 
a>«BBfcBr#-r^*tt«-c*s # ftfiteffi res z 

ffi ft £ ¥tt AfilEffi AtiM Y £ ft j# L 3ft ^ e> «£H 

j$* $ # , n a & mm h t ims a fsfefe m 

Y , i^4S Si fgete Mti*<H« Z ^ 6 # tXT # fc fefi (Dffiffi 
ASiR©jSE*;#Hs. 

ft # U 9'A«SA£JftS3-&* * ft # »J AS A deft K 43 

^ u fc s s <t ft a bit £ is A&ni k e ft & m c it 

^MBBt*ltt1¥T%¥tSATft%WiSA1ECffiinW1R«Z 
£. ¥«SAftteffiSB»««Z(Z)^Hfcff«EUrai;ttA^ 
& ft S WIS A4S£ffi&1Mt Y £ ft L fc £ A 
PB«*B»ft**Ht*»A«(EttB[#fiI« 

z^*#Bf^T#si»A<a*Ktfflia^Mjii^««Hrt 

SBooSSft, ¥*SAffiiEte&ig«Y, iJifSAfS&ftBfiff 
WZ^6 # tKT # fcCffi <DiB ««Bf * S ^ li#f8» Br 
<h L T A A S It * d <h ± o TTO A Oteffc ft & 

[M*-JI4 7] BftrtftSHi:7 7ty hffl**&3ft£ 

*l*LTje*;*-ti\ EH«*R8*^««H<©«H(7)^i|SA 

«(effli!ii»««zi:*teA«teffi*««Y(Z)teffiftgi# 

K & & ^ £ r £ £ J: -3 T*R A (SKfe ftft 

flMS«z &4i|SAffilEfi:^fH«Ya)<EffiftfittT%Vft 
m»£T2>ffi&m4 5Xtt4 6^E«a>*»A*ft:*fU 

[«K*^4 8] eAsfcfti&fcfc^r-fc* hiH^Stt 
^e^h^±#Lfc*ifc»*^#iT«><eB*[*(IS*'& 



(4) ^2 0 0 3 - 1 6 5 7 9 0 

Ais«teft mwm® z (d^sb \z&z> mm Aectt&fii 
my urn — * ffi ^(satss^t^att* 

4 5-4 7<DWn*MCEHIE<D#ttAaft»U^AI6«£<7) 

* z> m$ a dKk^it y \t m <d mm A T * 9. 
*«s a fa ffife y t « a * is A^tt t * -r a — « 

«±0«S Ate^ ^ 3ft.* C ^ ft»« i:T^> 1^*^ 4 5-4 

i0 7 axfern*>tE«o¥»A*{b*u ^as«cd^*^; 

[li*iH5 0] *ttAfi(EfiBlff<R«Z«!:-€-o^fflt: 
»S**SAftteffi*««YttR— ^fio^ttATAO, 

ia m x m m & m m h ^ ^ s « ^ ^ a as «t n # m « z ^ 

ffi<7)^ffi^A&*»A*-teft*t-*-JB^±a)j|gA«t^ 
e>3ftSCli:ft«r1SS[i:"rstt5R3[H4 5-4 7 <Offlft**fc:(3 

5 i ] i*ttAfitEffitttt«M z ^^(7)^g|$l;: 
^ * § ^-jg A fSSfe Y tt R ffil COWS A T & 0 , 

A«Ktt*1K«Yi:tt<0 0 0 l>3rfttf>#-rtU 8 0° 
3» (E b , SttTJtE ft L T ^ * *IS A T * S ^ t ft W* i: 
T^>M5}<IP14 5-4 7 (DmnftlZtm<Dmffi£h&<kif \\ 

[ISjRJM 5 2] WISA&feffiHttMttZ <h^^SKf3 
S ¥ A IS Kfi * «B* Y R| — ^ fi: <7) mm A T » 0 , 

MKffiM«Yttt<0 0 0 l>^jfi]^l 8 0° 5S!S5 
50 L, Stt^ECbT^S— ffla±©«SAtt^6'3ft<5eit 
SrW»i:TSII>*?H4 5-4 7 OHn^^E«Ol|i*5A 

tlS*^ 5 3] ¥«SA«<toteia«*««Z <h-^^gStc 

^> ms a fs mfe y a r— vms a t $> o , 

P4 ^ PfS « ^ M « H co S S { i 1 <H K _h co m A *i 

^SftSfflTS^AlS^KWjlf^RSTftS^^ft 

«F»frs«*JB4 5-4 7opjti^^fa«o#s@ASt 

5 4 ] V«Afi4Effi[ia#<H« Z £^<Z)^gKfc 
40 * S 1H» A (£ (Bffi A«* Y R— (D A T * 0 , 
EB M ^ * & m W H W S S tt 1 10 ± O ^ A ft 3ft 

o , s s ft a h r * jsAi&i?- k umwx m <om^w^ $> 
%>c£%&mt'rz>m&m4 5-4 7 (nmnfrizmmco 

[IW5RJH5 5] WttAfiettHfMMZ ch^cD^SB^ 

* ^> iji fir A fi^ffi^ffi* Y « R —3j{il<D m$ A T & n , 

m% A fifefe Y £ H— A^rfi ft fc o ¥S A T 
KSftfiH-r*ttfAtt»Ktt|iftt*teT*-5^i: 
50 ft«F»i:TSI»*JH4 5-4 7©W«*l:gB«©*«|l 



7 

S££<h£#a£T£li*«4 5-4 7 ©flm^KER 

©*ISa*ft;tf "J 9A36tE©lS«*«S. 

mumis 7] #»a«tettia[<*<H«zi-e^ajc: 
*^¥»aft«ett*««Ytti5i--^fi<D*tta-c*o, 
H»^ffi*^iH«H<z)«stttta*ffi**tr«a«*^ 

SO, KSftflBB-r*ttatt#ttii!tt>Cl6T**Ci:* 
#»iT^W*JH4 5-4 7©f5ftid»fcE«<z>*ISaSE 

[M#9i5 8] visafiiEffiiiwflvz&^onsic 
»***a«<EttA««YttH--^a>*tta-c*o, 
nM^Kft^««H<oss»iea^n«$tr«aM«T 
so, «s&fiH-r*»aa»tt*tt>cRBoji^flcT* 

5£££4#«<i:-r£BMcS4 5-4 7 coffin* k:E«tf> 

iw^xg 5 9] misa«i6tttt#iH«z t-e<z)^«ic 
*s#«a«tett^««YttRi-^ffi<o*.ji6aT»o, 

£ fco i «K±©ttae*>e>as c t 
-r*i*#«4 5-4 7©firn^fcE«o!)*«eaftft»u 

w#a6 o] H«Aw*«-««H<o--fes*ttrjBa 

S*^a^ltett«tt^lte*§Vi«ffitt^RBT*SCi: 
Sr»a<i:TS»3RJg5 7sfe£tt5 8 fCEttOJIMSaftft 

[M$£ 6 1 ] m«attteffi^««Y^j:^ttaffi 
Kte ra z k & » a & « a j$-s ft * c m 

JSltSSu t€rW«fr*»5ft3S4 5-4 7<D<6jn* 
[18^6 2] 7 7 -fey Mi* S ft* If y 

»#*6 1 KE*<0iM8affift;tf »J VA&tiL<Df£&Jr 
R* (kk-2kn) Si*5ci:tX (k-k0nl jSJ (k, 

[tt$fi6 5] t?y hSMtS77ty MSCDBiJB 
R* {11-22} Bf&cfctf {1-101} £ 
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[§S*3M6 6] 77t-; ME*6ft*fcr* hJSlw«K 

ttifflS R ft * *Bf £ «M# L T flo-S -fz>z.tttm%£ 
T*»*(R4 5-4 7<own^i:E««)*»i*lWJ 

[»*B6 7] 77ty hHI*Sft*£!y MSKWK 

HISJiR^ftft 0 , ttttft © «fc 0 /h3 ^H*tt«r*H«S: 
LT«*-r*Ci:*W«i:rsill5RJH4 5-4 7©fgn 

[§B*ig6 8] 7 7 -fey hM*<bft*t?y hl£fc:«K 

B«*Effi&IH«Y<!:li<0 0 0 1 >*ffiJ<D^l 8 0° 
SSfeU Stt3&«JE(6UT43 0, *0, «»ft<0<tD/h$ 
^iB*tt £«® <h IT«M * r t eKR t-r 

4 5-4 7 OWn^l:E«(Df fe*agftj!/ij -JASfi® 
Umms 9] 77t«; hH*6ft*tf!y k&k&sk 
i0 ifigfi*pWYi{K0 0 0 1 >;fr[fij<Z>**l 8 0° 

^imt* o; ^com-jjmt. a 1-2-4} , 

{11-2-5}, {11-2-6}, (1-10- 
2}, {1-10-3}, (1-10-4) ^f»/cC§C 

1 *»« £■«-*■*» 45-47 <Dmny^\zmm<Dm%is 

Cl»*«7 0] 7 7 t7 Mffi*Sft*ey MSK&K 

30 a<hf Si»3RJg6 7i:Eto»«a«ft«'J9ASIfi«) 

[»3]t® 7 1] ME*6ft*t!y MSfcjfSK 

MMftKJK^fMHtt. *«afi<EttH[#«*z^*ia 

B S 8tai*IiYi(K0 0 0 1 >7&[6l<B#.*l 8 0° 

«tS7 7t7 hH<h^ni:0ft)i:^/h$^®<hCD^ 
«^-aTSCl<h«:«FR<!:'rstt*JH6 8 icEttOlMS 

as?ft* u ^ as-« mmjjfeo 
im^m7 2] 77t«> hia^^ftstfy h;g{c^< 

[IS*iB7 3] 77t«; h®^€>ftShT^ hj£tc^< 
EnM^Kft^M4cHAf 1 um- 2 0 0 nm(D%^nm 
L ft 6 J5£* T-5 d i £«f » t B**JR 4 7 (C E«0 

*»«<h-r*»*»4 7 nE«^¥«faaft*u 

5^ tSCD^^^o 



I 1 



9 

m^m7 5] 7 7±y bmt>**>U%\*y b&\Z$>Z> 
$>Z>Z£&Wmt? 518*14 7 JwEHK<Z)J|i»ftSfb« 

fflffiXt&M&ffimHrfj&&£: £ h\Z\dy b&lzm *«* 

£*$s*<h*r 5is*JB6 i KE«<&*«aa{b;tfy * as 

<0«IKz>IBafi£#Kj&«* ¥«&a«tetelttfl£«« Z &BB 
11 ^ KSS-fr M« H 'Mfi] rt> o T C M tc^PtT te: 1* zfTJkfz 

T» te&Srfi^TS^i: -r^»*JH 6 1 (CfB$i 
fl/^T # te'T C <h 13 J: V) WMmtL £ fftJftt* 5 # £«r » 

ttsi^6 1 fcE*<B#«aa{t#y sass^s 

fife* (3, MMiE h < 8>&lt<1£Tt6£kfcR21tZ> Z 
I- Srffi W $ -li-TfiS^S £ #5 Z £ %&'&£*? Zimm 

7 9 \z&m<Dmt£&£itxv ^AS«^«s*i*o 
e>m&\zmmfrmm&m®Hw&m~Tz> & 5 \z t?y h & 

$ *Tisa«* $ ^ ^ t %> mmm 1 9 \z 
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SBS(D^iBltC, MW\TEls<&mZ-£Z>\Z^frK). ^tl?> 
tf)tf>y hll]0>MIEil«t. *£*IUWEHIT5 0/im-2 0 
0 0 iimT»S*S:»#»i:"rSM^7 9 iZffc'mo&tS 

&t$<Dfflmxkm&mmimmiz&^T\,*. mmxta 
M&ffiwn&$LCz^&m&Twmm±.\zmrt, sir© 

±\Z&ftMV tfA£*Saj$fi£ii\ fflOifcttEMfifclffi 
i0 <ffl5»tCttm*Saffi:KaSfi#««Z*^L, 

4 7 cE«<©*i*a*Yt:*u ^ifi«m 

[If*:® 8 5] 7r±:y bWicDm-Sftbtezey b* 

&B<nfflMXi&m&mMH<D&i&iz&\,*T\t. mmMfc 
M&mwH*±vi$&&m*TMmm±\zmrt, 
-?z>Mm<D±\zmtxi) * A£*sai$ft£it\ m<D±\z 
b<D7 riiv bW]£\,$m%jWwmu*)&iomm 
20 m^com^}^&^^:^zt\z^^xm%^mm^mmH 

&»*t4 ^ t <hT5fflf*ii 8 4 K IE a 

[li^xMS 7] Bf^»^«lr/t^- - >^L/t*«sa 

[IS5RJH8 9] it^^l /xm-3 0 0 /xm(7)R^^^ 

\*&ftmzrt?~->?vrz&i&&T&^*imnmm 

EB«^R8«-&««H<7)ai:LTTife*S±^E»-r 

^ASffio^^ao 
^ [is*^9 o] s i o 2 wnsxtts j 3 n 4 mm&* 
mmMm&mwH&mt VTTMmm±\zmmTz> z 

i$mm9 1] ^^^^ (p t) ftK£. r^fixpfsm 

■r*B*JH8 6^E«co*»aa[{i:^u»>AatR(Dflcjt 

tiS5R^9 2] ^>^r> (w) pm«, m%&'Am 
Mf>mmi<nm£i,TTmmm±iz&m^z>z 

50 tlr&nmms 6J*EW©#«saSft:^U»>A»«^iS 



1 1 

» > 



JK5ftt. 

1«#JI 8 4 fcE«<&#*SaS?ft;;tf »J Agffi<0fS;ft;# 

[1R$*H9 5] G a Na^O)glHfi^#eflI$, 
ffl»^B*^I«Hoai LTT«*fi±»:E»t-6u 

t *w« t r s 4 jcE«(o*«fi«{t^ u o a 

[M#?H9 61 T»aStR±fcG aNxW^i/tiH 
GaNXtr**5'Wl'Bft«#«K:Xy 

tt»*i:T«*a9 5 fcEftOJPttMfctf 1) A 

[&2R£9 7] T*Sat1R±»CGaNxt;^*>'^;i'B 
£f£!9U f^lCGaNW^SWffl^^^^ 
B*<r>tt»aJUfltB iDJi^X^iWU *<3D 

^-->^Lfc7X^i^ Ha£BJft&f(*H4>1l£ 
ia*JH9 8] G aNEt^<^)Sa**»0^*SS*^« 

m-KDmt isxmm-rz z. t&ftmtiT&m&m 9 5 \z 

[|g*JH9 9] ^0?^^/1^-x>^L^^fea 
lcmi^->£EBLt\ i;^->iELO;i^-> 

ig«Fvft(Z>G aNSISUfiSf, ffifeftG a N*«<&± 

^ 8 7 izEftoJiHttiSfttf U ^AlS«Jit 

10 1] T*K«±K:ffifl;# U £ Afctta* 



(7) 4#|gJ2 003-165799 

-x>^u^^a««(/^**jiaao»«&^«6Tiiss« 
±tEBu m*mTzTm&mz&fcj3 v o 

££1**£££4*«<fcTS»l*m 0 1 dEttaDUSB 

± k k a u a t w -r £ t * ffl ffi t z m it u 1 j a £ & -s 

1 0 1 JcEIR^JBaffifb^U^AaSS^fiKft^ffi. 
[§it:*XpU04] tfy h3B£<&fci&<Dffl<hUT> 
-^>^lf:S i O2 <&l^teS i 3 N4 ©SSRSUtt 
*»a<Z)»l»ft-T«)T»i5tE±^EBU, «€:WT*T 

m>nm 1 0 2 1 0 3 ^E«<o*«a*<fc*u ^a 

^£^a&T«&Sffi±JcEBU «£^*Ttft»«t(c£ 
fb^'J^Aft^g^-tt^ditCcfcoT, «5t^tl^(^ffl 

Tzffi&m 1 0 1 iztmvmf&Mk^ikx u 9 ask^s 

[ffl^Jpfl 0 6] tfy h«*<0fc«6<0ffl<!:LT|iJfflT 
30 Sa&^ftt, G a N^aftfif *StittG a N^IBfl 
^i^FT^^C^ft^^-r^W^l 0 5«cEtt^¥ 

*sas^^ u ^isoM^/io 
h»*«i 0 7] rmmmzhiy b$&£.<Dit#><Dm& 

SfUJIE L < EB U ^<Z)l£<BTil!s;Sffi±^<&3Sft;:tf u 

ACDffi&fo-miz&^T, vn&m<D$Lmzn.miEis 
< h&mm^&&?\zvfczt%&WLt?&m&m 

1 0 1 lZffi®,V>m$ikgLfc?J 'J ^Al««^&o 
[§S*^ 10 8] tta«tft^*5^TBB«^R6«^fi« 

h ua:*« &*« u niH^ieiRd««H £ visa 
■&/t»a*», »6nfc»aft««»ixLfca. 

im&m 1 0 9 I SSa^^jifftc 77tyhi*6ft 
^ a®K&Bfi»««2 ^Wttafi«5ffi^tH«Y^C{ft$3l 



(8) 
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?zz.t zw^t-tzmffighrnkx u o 
im>mi i o] mmnxtLx, xjjnx, w 

[Wrox, ^ £>^jjnx<o? v>;fc< OSr^trd 

im>^mi 1 1] TifiSfii:Lt, GaN, ^7^f 
+\ SiC, Xtf^;k GaAs, S i ODWtl^CDttft J0 

a fiCfi: M Z t> *»B A Y «(St * 3 1 

ti-ii, H«>:«*^«H(:B[jfi*(OHHf:»«S 
*««Yi:ft».-rsmttJiaffc*U tfAStRSrffilgat 

«*hs:js*u -^s«teteisfl{*««z^mjeaiste 50 
{i^M^Yo±tc«, viufiCttHiffmztfcBiii 

s k k j: 0 ggij $ si ctzmwv $> %> mmxmM&m 

ffi^^&stf^ hcDjg^^^n, ^zLiztemmxi&m 
mf&&&m&&ffiMY<D±jz\$. 7 7 t7 hw^^c^ 

«SSfiKtel»#flH«Z */t«¥ttSfilEffi^««Y*fiE 
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[0 0 0 1] 

^OMfc^SfrSfffiS^-f K (LED) ^>»fe^ 

y (ld) &£#fi»^*^©»fi < tbT?ijffl 

T£*l|M8a£{t;tf'J£A (GaN) StE, *3<fc«»«S 
SSOU'JASffi (GaN) (Dj£-g:fr}£, 4MSagffc; 
tf'J^ASffi (GaN) <Ba&#ffifc:IIil?-<5o 
[0 0 0 2] (InGaN, GaN) £ 

fflv^f83t*^tt*feL ed LisTmznmitztimm 

^ntl^ 0 L^UE^MftSrfc^G aNXffi£rf#£# 

T-r-v (a-A 1 2 o 3 ) Mv^n^o it^r-r^^ 

E0^ff(DJ:l:GaN^I n G a NCOlWIjg^:^^ D X 
bf^*5>-^^J«ft$-e:TLED«ifi*«iS"r-5o £fcS 
i CStHffl^/:GaNS0LEDt)Ii$n, —SB* 
ffltSot^S, ^77-ftSS.ht:a^lf;Ga I n 
N^CDff&L EDttfitt«fl£3W 1 0 0 — 1 0 1 0 cm 

[0 0 0 3] ^7 7-ftlSg®§at*Af-^t<I« 

S(hUT^it)^D«*fe^7 7^tIi^M$n 
[0 0 0 4] U^L^j&^it^T'f VSffiOSS^'Pfc 

^tf5. ^7 7 <t^xA(7)±[:^xAyptX(:J: 
o T ^ » <£> L E D £ SI fP L * £ *y :/« IZ ty K) ffi f £ 

^nmmm^m^^t^o j}Wz^.^x^-yzf«\zm 
[0005] Mm&^&%fr$nm&mmzmTz£& 

InGaN«©LED*M#t), _hHp8<7) p — G a N 
«i^61TIOn-G aNl:t^5*T-8§X^f 
>^»5&LTnl!!l8#£»MUCC:^n«a (#V- 

WW*^^'5«litKttoT^4, n-GaNI«0ll 

-ecoct^^asTxs^ia^jaisi^nBfeJiA 
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##f*u— yf (ld) tT2>m&\$$$m&u^frb 
\z j; x m ra * m » x t s & w & * & . t> ? -o <& 

©GaNBl 0 9 cm- 2 gJgCD&#< CD^RB#*a&£ e 
JW7 7 >f ■VS+Stitt^ I n G a N^7t^^<7)S« £ 

L/T*m^**3&«, ft&Jg^CDgtSch^Aft^o 
[0 0 0 7] 

G aNi|M8&tta«5?B8£fc-3. fniaotf^ 

\z n «« *f* s c: t tf!j&#<iM6ft; s 

waa^cora^s^iift^ft^a^t)^^. -t <^ «t 5 ft # J 

[0 008] L^lGaN $SS£|lg(tt £tt$nr S £ 

rx<D±m^^mmtm^mmx^r^K mmj£zmi 

trHX^&o tc£Xvmx&^Xb>bm<Dl(&£klsfrXg 

[0009] ^ cxm%temmikmwL<D±iz%mm& 

<hfc<fcoTG aN<0*jfSSai«S&t#^ < fc^^UfcG a 
mm W l~ t> 1$ ^ O t? G a N 6 b fc * £ & £ £ 

[0 0 10] MlM«in<GaNc!:»J: 



( 9 ) 2003-165799 

ffi^fc^fcM (111) C0±(CGaN^cWl^rfiJ^^iffl 
^t^diCJcoTCl^t)^ ^GaN^^-5 0 H 
tEtGaNi:tt*^je»t>»BSWt)ji3<DT, ftri>ft 
5 £ < »«± G a N fctlSft Lft ^ <h IT 
W fflWfcrt €T < Tfli iSbK <0 JIMSSSiK \z ft £ ft 

[0 0 11] f uT#»^)SS$tt577^*Ga As 
SffilC^ttTVX^CD±7!>>£>G a N^&fflJifcfiSitSC 

-S^x^^/jJcfiri (Lateral Overgrowth) £^o 3 b<D& 

[0 0 12] (1) £»¥-9 - 2 9 8 3 0 0^ 

(2) KrIRY 1 0 - 9 0 0 8^ 

( 3 ) 1#Rip 10-102546-9 

(4) mm i l 0 - 1 7 1 2 7 6-9 

(5) 1 0- 1 8 3 4 4 6-9 

[0 0 13] te£X*<D^&<Dfa®.&Wt>frlZl,X^ 
Z> 0 fflz.tiE.®*m&&b-D (111) GaAsIffi^ 
20 ±fc> Xh7^^Rig^M$^cS iNTX^ 
(WAtflOOnmlW 

ifi It <D 36 # cfe ^ d 1 1 ft ^ o 

[0 0 14] ^-(0/1^ — >^43V^TIEHft^(OSQ«MA 
tfGaAs© [-110] #iajrtW* [1 1-2] ^1^0 

?SC9GaAsifif^6GaN^j5ifiL, VX 
^ ^©iCGaNMM^o (5 0 0X:-6 

7 r @ ^ JQK -T Z> o d n v x ^ J: 0 ffi: /j^ S l^l SB fc 

mzx%2>mx$>z>o ^n\tnii cog a Noaanm&L 

Id 43 ^ TSfifi: L T ^ fc h <DX $> Z> o 

[0 0 15] ^(Dt^^ DiSStG aNa«Sg$t§ 

/\* 7 7 7 B <D± I: G a N ^8l*±^ 5. ^>^TVX 
^ i PJ $ ft 7X,^ C0±tCG a N o 
fc<DX&2>&, 3BWai*»6G aN^f9±^^>T^fe<3D 

F/«#W«$»oTGaNill!MfiLT«(|)<. K-tt 

HGaN«s«)t«ti:t*n^ :nn)MSi^ k 
— b* w \zm & Pi < ^ e> Kii m-s^ rtn t> —m m \zm&\ €r 

K^fcT£>o IEAft^«-&<0^«:«J#bft^e>GaN 

ftftgffimm<D±izmtc£\ztez> 0 
[ooi6] ffifag&&Lftmmi**tfxmt&<Dmfr*> 
Wi\tn%r>mLx%fcmm£m£;'tz>o e^xD^^wzmm 

50 (D&tf&^X^^frZmis^i&mxtfifaZ (7K¥) 
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S. «^(:<koTteffi^itt5o -SfS^eiiCut 

[0 0 17] »»ftA^flcfiL&GaNf»IB*«Zl«»* 
Ttfj^ofc&ite, ±|Sj€r<DfiE«ica!*^nT«)#c*ll 
fc* , 5j5fc«fcft*>. CHfft«»Lfcj«*i^'3i:i-e» 70 
So WPIBftftWTjrtftriJft^-ti-T^JttO^ffS (RSu 
m) ©GaNAX^/GaA"s©Kfi*fl5. VX^7 
iGaAs SI»*UTGaN<D^(D¥?SlOSitK^"r^ 
GaNOStEfcA**"?**. G a A s 

2 |§I*{b LTt6tt*«3&***lK: J: o T{£M*r S i ^5 f'J 
&&$>2>o :ni:J:^TSl»TGaN©d*!)*t^» 
ISiMSTf§«];5l^9^. cnn«»MS (1 
OOumELb) ftfc^esrc^, *58«*l:i"DtSI6 a? 
Tf# 6 n& G a N #j»a<0»ffit?» t> fco 
[0019] 

[« ft b 5 i-r *«*Hn l*> u&*t & sms;» u 

[0 0 2 0] ^»<D5SftWT5^X#fttel>»fflj£fi£ 

0 7 cm- 2 gffife*oTiSteteO s b(7)ttT€r»:U^ I ^ 
n G a N^LDJil^Sfit Lttt^iCTt»t*5. 

[0 0 2 1] iKAKfilEffioafttf 
U * A ft fc*. » AJ&K i i *> KIEttfcSEft 
M'>£ 1±S n i # * ft X* L fco 

[0 0 2 2] ( 6 ) «PM 2 0 0 1 - 1 0 2 3 0 7^ (*$ 
8H¥ 1 1 - 2 7 3 8 8 2^) 

[0 0 2 3] GaAs0ll;7X^^ot7f7M 
fi31±*ISfc:* ¥ffifcCBfft«#U:3O»ttj8*^5<0 

Cffi^6«»Ufciiift*BlCliaS1tft^6J««S** 
<7)T&So ^uTtt77t!y Kj38ftffiiff.£. 
[0 0 2 4] 11 —EI 3 l:J:-3Tt07 7ty h/Sfiffi 
ftfftefl-fSo GaN»A2tt¥S«ffll7*«CHtett*cfc 

y-fey hiiff6 iff*. ^7*^ MB6fta»atr*j*< 
^r-fe^ M6^HiLfe^Mfi^«o »Att±(w 

n^tcj^x-s?^ 6 mm ( n i-2m) 50 
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(l-10m) ) ^ 1 2^£fe ( {1 1 - 2m} { 1 

-10m}) T&S (mtt»K ; ISA#ttfctn*TH« 
JcKWr*) o H 1 - 2 TtttSlV^AAfl t!y N 4 

ft«-r***BEfctt 1 2 a*flM5F*«j: 0 busts. 

[0 0 2 5] *<D£$te\£y h 4 ftffl86iitT £ ifc < /« 

tfbi:iaia)77tyH6 ^±#T s 6 dt« #1*1 

Tiffin R&5*tt07 7tyHO!|}HI 0»*I8) 
tcl^t^o fc(Etttt«*OJtff i i fcfcrt 

faglzMfr* Mfi»Ct^fci3#«jftD^*»-r So S 
1^6 0' ©ftflCftfeo&aMWBKltt, *<<0*»3£«t' 
<D ^fiELTt^o jft D fc*IS b fc *> <0 
<0tE<fc*^fc»ffil lifts. *^&*<oteffitm*S# 

So ^«t5l:l^:6 0' co^ffiftft^3tt(DE{i(0 
ft^bfcMftffitt^PS l o i^<3. ©Ktttfs: 
z. \z%^ cnii^ft Dftjfr&ttfci 

So 

[0 0 2 6] cicocfco^flaiso^r-fe^ hjfcftttlEttft 

i»*JBfcT«$< i^ftUfl****. 3»AlS*«^ft:W 
fctt±rti* (ciltlt) fciitr**, IEffio*tt3tt<D* 
ffifttfcttio) tcft^TSo «**rsitt*Jc:rt 
[6j # «»H 1*1 fc* ^ S /j^ , *»M 
aRttm*L/T«tt^R6<Z)*l 1 i&S;iit)&So 
[0 0 2 7] "7 7 -fey MB**5&3 tf y hOJS^^K 

«5$H*fi<Etei&S. *SfriS^ST/foB$1*fc£, G 
aN/GaAsKfiSBOttll/T, GaAsSSi:^ 
^ftl&^TSo TaiGaNfc*tt0>a&R**T#S. -t 
tittiSWT* TBFIiao TWj:lffil:t^^ i*« 

tfw hftm3Ra*TH««i«*"rs^ifc<k-3T<6*a[ft 

* fc ttlBf cos V^tt ii M ^ cfc o 

[0 0 2 8] X«±ofi4Efli[fH«<oeffiflfAEftMfllll« 
St^t^^^lO 6 cm- 2 gSEKT^M^TSCli 
ifitDfr-Dfz:* 7T7M-RT«1-2X10 7 cm- 2 

[0 0 2 9] U^Lft^&^WctaftttSJftaglB^t), 
LD0«StlTftx.^G aN¥ttA*fP*i^5BIIH 
^ ^ -T S i PflJH^* S C tffiftfr o feo 

[0 0 3 0] 7 riry hjfif^SftSlfy hftfflJ&ii** 
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^yft^^fflMtf&^fzo mxis i o o ummmw 

[0 0 3 1] ^n«-S.«4 J lx^|£fe^^«e>^T^ 
mz & o T tf y h 5 k^eit* 

s 0 ^^^^ii5t^^m^gi««aKTiais^*.s^i: 

a*Ti£Sp B3lilfy h JflsCDKtt 1 5**tfS» 

[0 0 3 2] fiteffifi^/EtfSfca&fc:, try hcOH£ 

[0033] ^n^tt-ssitBUfeiteffitt^ecif^L 

[0 0 3 4] «ffi<htOfe<©ttfiEft<?:<ht>{rfi6*<Z)^ 

fc#tfTS>< *>arc<&s**, Si^HiflSrr §u<h«5^ 
& tais n <d sl n*r » s ^ e> . &a a*¥ff k igffl -r s t * 

CDcfc'S&y-f ±*XA*4«Ett* 1 0 3 fglrfc 1 0 4 fSfc 

*> jam s i± t m s6 T5j n § t. © t & o c n £ t& e. nx 

[0 0 3 5] 1 0 0 0*M^lil 0 0 0 0*fc©gfi 

[0 0 3 6] ^"V^EirKffiSTcoK&iKSttl 0 7 cm 
" 2 ordcrUfg-C, -e(Z)ffi<Z>fflS# S^ti>fc¥^<0*Sffifl5 
IS: (1 0 6 cm- 2 order) «fc 0 t> 1 (Mg^±**^. 

&S 0 LDStR<bbT?iJ|BT#S&fe^W % 

6 cm" 2 ordcr«TT&S£<!:#S£*lS. jRtfKJ; 

[0 0 3 7] ^(DBitt, 7r-try hifi 6 l£y 

h 4mz&&$:mtp£ j &z>2 v>> try hwsts^i: 
6 0° (Dftm&uisT-vg&mvtxitoi o-vtoz. try 
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a? 

o £ 0 if7hiii:t*ns^ic60' <z> 

ft & £ & u a in] £ & -o is i% m& tfiipn iz 
mmzmi\\,fzb<DT*m&(Dmc£mx$n% 0 mwx 

So jStf^Filtetf y KSfrfc 6 0° cDftK£&bT/M{ 

[0 0 3 8] »&<&raBtt«fc9*S^W^&S. ^ntttT 

?£<hT&So «im<D&o\Z7 7'tey h try h£^C0£ 
SMfEKP^riry hJSE*ffitt£ C £ tf y hOTtso 

[0 0 3 9] f(Z)GaN^X/\^f5EoT^X/\7 9 PtX 

Xh7<^ (ffittB) tftz&t£&fc&J&\zmfrZ>t^O 
Zttf$>i0 5z> o %ftm\Z&m<D}fr&??&1rZ>£?:<DL 

[0 0 4 0] GaNlf±l:H^$tl^LD^7^ 
tttt-JtfcftSS&Htf*, «^.tfg4 0 0/im, M£6 

^lx.ii2-3 jtimix 6 0 0 umfcchT^o ^7X/\±l;: 
4 0 0 umX 6 0 0 MmCD^±LD£!S5£TS£:t^ 

[0 0 4 1] LDJB©3S«&»itf Sfcfefctt, Xh7 

^fCi^T^S ^t>^ 6 & l> £ l> 3 ©TttB So 
* 5 Tfc < T(ett«©fi[B«»*W«W fcff -5 J: 3 b 

50 UTt), LD*«jfrS<h*C»«'&^<fc'5<CiaiS$tl 



21 

<2>o 

[0 0 4 2] £Jl±SE'<fc3jR*<*56W<7>ll!ll8T?**. t> 
[0 0 4 3] (1) 77tyM^e>&5eyhtft© 

(2) 77ty H*6MKy ht*Ofitt*M© 

(3) 77iry Mff^6ac*t!y h**©«Ett*<&«0!> 

[0 0 4 4] f8W<»Bi^^ASmtcffliB&/>Uitt^"r 

[0045] 1 . HVPES CW I- Hftfflfifc* 
f£ ; Hydride Vapor Phase Epitaxy) 

N H 3 T&£<> *y hV*-)lsm<D&fo&<DT-Jj<by'~te 

WJ')AGaC 1 ^MT^»o Cin^7j<5S^X(r<Z)o 
«^tt7k*^X + T> ; e^7*A^flt*&$nT*50 G a 

c i zftzfr^G aNmm\zfcmw\%te^£^om& 

[0046] 2. MOCVDS (^T«^JKC VD ; Met a 
llorganic chemical vapor deposition) 
CttteG a N»IR<$*fti:bT«t>»iitr3p|fflSnT^ 

TMG (hU/^^JU^A) &£<Z)Ga(DS«4BI 
tt«fc, 7>t-7NH3 £&7kmX* (H 2 ) 

fMIMt^^HGaNWO^U ^Aft^cDWM 
JBdETSMRKl? btlS^m^o MSSiTTMG 

a N&Mj&Lfzm&iz^&^^mmtimA-t&t^o c 
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[ 0 0 4 7] 3. MOCS (#tt&JKtt{fctt$MSJ$-it 
r£ ; Metal lorganic Chloride method) 

JgfUlT7>^7^^o MOCVDSi^'jT 

v *-)Vm<Dfcfc&T*TMG&\-\C 1 (Jfift**!) 
#X&JxJS£-r±-- KG a C 1 S:^frSo :ti«M'<?) 

4Kaix< fc«K&atlT^-&^e, 7 >^nT^G a C 1 rt« 

[0 0 4 8] 4 . 

SttSt)^*^ SJKJP0)4 , THft:GaN4:a«t& 

tdGaN^^^^it-SfeCO-e^^o 
^ [0 0 4 9] *CiBSMIi^^TS8Wn. dCDJ;:) 

n w **» * t * & ^ £ i o - £ t> & a . \z 

M^tffiSB3^ffi5t)©<!:4C)fii5'b^*S. 

[0 0 5 0] ^Hi, »«*tt©a?gfcBlbT^<0 

(hkmn) £ «t 5 HiStlSI {} «o a h, k, 
m, nttH»R (*^tt37— *») iff tfifc-TBEBn? 

«9IM^fl:<Z)«3SttAfi5t 0 £f£oT (hkm 
n) cht^J;^:^^ ttS*fi0^e«3S^, It 
filO^ioT, <hkmn>t«m. ttA^itt 
©H9l*Sttft«!B [] £f£oT, [hkmn] <hl*f> 

mM.3c~TZ>o ^£0 (hkmn) \zW.&'?2>Ufatf [k 
hmn] T'$)>6o 

40 [005 i] tco^^m-r^Mmmiz^^xm^n^ 
s. m%3£&mtt\z<k~DX7tizmz>m 

A#fi»©»^ «J»0 3 00««HBLTtt3|i3 
ElteJftfP^W^nscD-r, h., k, m^lBICAntlx. 

tv, {hkmn} £ H 0<£><&155'l 

B5 (hkmn) ^ e> LT^TOfF^ns^WJftflUC 

50 ^oTfeW*n«Mft»fPtt«i&^ckoT&*»t3*^ 
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[0 0 5 2] G a N«ftJCtt3|aI*Hi;tt^»S. $ 
(hkmn) , (kmhn) , (mhkn) , (hmk 
n) , (khmn) , (mkhn) teffifiiSSi (hkm 

ni i:tsns6oiDiiniT»^ mzmte&m (n 

k m n } , {kmhn}, {mhkn}, {hmk 
n} , Ikhmn) , {mkhn} <D 6 OtePWtD&JS 

[0 0 5 3] G a NIJAJflST 3 B*f»tt©*5 3 ^ 
^OrtCD-OSradll, b(*t^5. 3 MS 

* D a b di^ 1 2 0 flW)*ifrfl *ttbTRtt 6tlS. 

A*a*fc*5^T»»©«iT?*0, abd»MH<B»»tt 
ftJ#fcftV>. IBaiBi^'5<Z)ttRI--©*i«gSr|ftju&SV^ 2> 
fc¥frft*R<oiB<0*«T**. KSiS<D*ti:tt, ltt 

b*&b/k7?«0, cli^d/mtjjOD, c«i£c/ 

n-cwz>m&iz*v>mmm.& (hkmn) tmirz* 

[0 0 5 4] fc^6iffiffift^MN$V^a<!fS*M^ffiT* 
D> ®©Sfc^&t>frttTife5o *SS*li [hkmn] 
tejg (khmn) KBSTT*;*^*!: LT5£«£*l5o 4 
o<B»*<0rtlf^3O(D»Rh, k, mttaATttV*. 

h, k, m«-^S£JR-r»§^ ^^Mictt^-r^lt 
i>;P-;Hi + k + m= 0 jWfcKjSDfi-sTV**. 

[0 0 5 5] GaN(0S$ftS»&I^3O#St5.. 
— ofctCBiT**. dtitt (0 0 0 1) J:^^ 

ii^^^Til IT^'Jt^) C i Ct^o GaNlici 
^0<B3Ia]***tt£fcOo ^SD 1 2 0ffi<D(Hlte«Ci;o 40 

aN*JteSfi!E«3itS«^«, c*ll^|fi](D^fiSff 
5„ G a A s^iS^^7T-f ■VS=R(0±^^xPXlf^ 

#*tta*&v>. *£/j><e> (oooi) M£ (ooo-i) 

(Sj^iST^ISJTabSo 

[0 0 5 6] 2»jBOft^M^jSttMB<!:V^, *tl\t 
mmW*T?&Z>* ft$fi3$tl (a, b, d) (Dot>~~D<Dm 

agSSll-10 0}, {0 1-10}, {- 50 
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1010}, {-1100}, {0-110}, {10 
-10} ^>fi»l*St (1-10 0), (01-10), 
(-1010), (-1100), (0-110), 

do-io) U£\z&^Tmmirz>cttf-c£z>o a 

uti^o attsisttsi^c6 omonrntete-rc 90 

I^S^<T6 0/£T<fc£C:<hiCftlC^^T*& 

[0 0 5 7] 3»atftaWtt|BttAiBi:^5. 3 
«k (a, b, d) <Do*> 2m<09c^^Ucm\zWnU 
BiT*S. SfSS5i {2-1-10}, {-12-1 
0} , {-1-120}, {-2110}, {1-21 

0 1 , (11-20} ^ mm&m (2-1-10) , 

(-12-10), (-1-120), (-211 
0) , (1-210), (1 1 - 2 0) teaiZ&iTig: 

091281 (•-) tt9i©BS£7*T. 

[0058] GaNtt6ig»iMttta^e», ±.<omm 

C6 0«(Oft!t*J&:t. 9 0im^:i{:MT^ 

set»5. aWi^jiEsij-rs^^T*^. Agi<t: hi; as 

M*feTM<2-l-lO>H AjBicaXT** 

l^i;.SjJg»S: ! b^ffi<l - 1 0 0>teM®£B3£T5 
Aifiich¥ffT*^o Cn£m#& 

J;o(:GaNli3^ftiteE CiU, Affil, MI^ 

[0 0 5 9] f|l:ttiT<^)77t7 hlit/^Wd A 
Sf^MffiS: c itt*[^lC/>U«Wfet>^-C«fi)c$nSo tz 
AjB^€»iR*Lfc7riry h (2-1-1 
1}, (2-1-121 ^ Mffirt>£ift£Lfc:7 7ir^ 

h (l-ioi) , {1-102} mm<D 

^5©tt, Ajffi*>SJR£L&:7 rir 1- {2-1-1 
1 } , {2-1-12} frt>t£Z>fi\ Uffifrt>m±l>fz 
11-1011, 11-102} A^ftSfe 
C0"e^^)o AjSfcMlBfGD6 Ol0M^l/T6Offa 

0>ffiK i 2^i(itt©try ht>^j5j&^n^^ ^tua, a 

E^y-fey b {2 - 1 - 1 1 } , (2-1-12) tM 
I77tyh (1-101) , (1-10 2} m&&£> 

So 

[0 0 6 0] 4SB<Z)tg«[nli±rd<^>'r-fey KTttl 
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{2-1-10} &cm\zm,T'p\smi2>t {2-1 

-11} Bit&So t£*>\zmWZ>£ {2-1-12} t 

& s. 4 m m <d m& n <o m &x # ^ t c » & m& 

±(OK*<Z)JgiR607 r-fery h iB a* £fc! 31 "T £ £ £ & £ 

[ 0 0 6 2] ilflf tf y h ^ 0 iz thJg-r £ 7 r in y b ffl 
{11-22}, {1-101} tf^T^^So 
aiS^ar, c$ifhS££c^f?T££, {1-1 
0 1 } ®(7)C jStC*|f Sl^ftH tan" 1 (3 
1/2 a/2 c) T&£o {11-22} Iii0>CffiK:*t 
-T^Mi^te, tan" 1 (a/c) ~C&£o 
[0 0 6 3] iOai^Ttyht^it 111-2 iSO 
3}, {1-102}, {11-24}, {1-10 
3} ftff n*^*^t>(0*^5. {1-1 On} (n^ 
2) ©CBl:»t5«ttt tan" 1 ( 3 1 ' 2 a / 2 
cn) T&3 0 n^2cfc»9^c#^i:C:^#«n= 1 CD fit 
J;0/Jn$<*c«o {ll-2n} (n^3) fficDCWlC 
**-TS«frfttt, tan" 1 (2 a/n c) T&& 0 n 
^3<fc0^C^V^, :<Dllin = 2iDfi < l:0^<f«t 

[0 0 6 4] G aNIJ^Mt^O^^iSlT^ 30 
So IEA^B^6M^ch4'^HG aM^^ffi-rsjSffi 

i:3o(DGa m^tf-ftteTz^fflm t-e <d±k: 3 ^odn 

[0 0 6 5] Tifc&ffitbTi^r'r^ Si, Ga A 
s&££ffl^£o ^t^T^f^ ( a — A 1 2 O3 ) [iH^ 

[0 0 6 6] Si «7 , N^ f P,^T^<Ii^^^T^Dy< 

3*B»CJ:oTiff*tt (khm) fc^fclflSEr**. 
3 *B»«SfiATM5S<7)it AJl/-;Utife< * k + h +m=£ 

(111) Mt/j^tS. il^^S I5 tf m^O»-& (0 
0 l) MSrflEotf, *tttt=EI»fM*7Wfct^ C^ltH 
HH»*tf*Sff*>6S i (Om^\^ (111) iSSrffi 

50 
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[0 0 6 7] G a A s t> AJSi»^< 4*fi*T* 13 
WI»K (ZnS ; Zinc Blende) ffim%tZ><, tcfrZ 
^'M«3^*§, 3»»K:<fc^Tffi^&*^ 

li(lll) jfft^tt*. I#©GaAsf/WXO« 

^«0S<dm«^6 (oo i) m&fcotf, -£fttt=Ei*i 

»tt^3Etl^. £ ClTrtt=ia»a!**ife!lft:^6 G a A s CD 
(1 1 1) GaAsttKfiSftW 
U (1 1 1) ffi£V*oTfc2SSW**£ 0 oSOAs^ 
^SB^mi (1 1 1) Bt, G a Affile WS (1 1 
1) jffT&So (111) Aslij5\ 

(111) Gai&<tj&vgroTE*|-r5 0 

[0 0 6 8] 

^T-fe^y hil^«t#L^^^GaN^f£S$1i:SC:tt3 

[0 0 6 9] (l) ^rir^/ MH*>6&*tTy h*5tW 

[0 0 7 0] (2) 77t7M^6ft5t!y htffc© 
[0 0 7 1 ] (3) yri^y h®*^astr^ h^ffcO 

[0072] ^mfe#*B«&«B-e*a. ins© 

(1) . (2) «*R^*5ttStfy hT^e&^^Sr 
tk^To GaN$£&12<D£Zfr—mzyTlzyhl6ft 

h i 4^?B±-rs. tf^v h i 4<7)^figeM« 

Ml 7^ci^|fii«5f5t77ty MS 1 &±#L 
6ffil5d^7hl4©«CiB*S. B3 (2) \Z7fk~? 

&o\z, ^n\tmtmi stf-mmizvy b&\z&z>ti 

[0 0 7 3] hiffi^^^Sfcf-/ hgB^43t>T, 

[0 0 7 4] 7rt»; hfiEfi^hTy 
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[0 0 7 5] ig^Kcfc^T, MfiOA-«-X^^ h 

L,frL--D<Dyr^y bmiz^xm wznxm&i-fz 
rm * $ -tt a & e> a o o ffi&zmt t z> 1 1 o *u ^ 

[0 0 7 7] (OX l/^I^ b 

[ 0 0 7 8] ^tUCtf-/ h*^#LTfifi»Mftft 

E^oT^<(ht^^i:t)^53o d 41**8013 <Z) (1) 
[0 0 7 9] SftftSlcioTIt 7riry h*^635i:-5 

£d<h*)&£ 0 HI (b) OBtR^te 1 0 CDd 

[0080] *fca»ify haidttutr* H3W*aiftL 

[0 0 8 1] ZZ^r-ky hofg^-rsteffite* S«* 

[0 0 8 2] Z.n%<DUM*m®:~?Z>tztb\Z\Z, 7 7 ± 
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( 2 ) com<Lm is). 

[0 0 8 3] jft^BKt?(7)K{iPtt, gfi0M?3it:t)L 
[0 0 8 4] t>Lt><6(S©ffiK«*»S^tt»ffi««^ 

[0 0 8 5] fefe<0?8M • »i*«tUT«Sffl^S* 

»«$t5«t5i:Lft. m§k*mu z<D'xm*mmm \z 

£ n K J; o T fete * 3c/£ JC fHTT ^ i8 M 3 i± £ 

[0 0 8 6] *«Wtt, «rfcKI6il«#*flsD, ^*l£ 
fca>T*£o GaN»S2 2lCtt77t7hi2 6&t 
yylzy \-m^LXCM\z^fr^W}L\fy h 2 4<D 

i;m^M2 5^^t^^o bbi;&^rb*^« 

[ 0 0 8 7] -fi*«t$nfc&S^«^UiTW)#JC< 

[0 0 8 8] *nttt*B»&fi«2 5£H«-$-*IMI 
fi^K^^stc^^f^-r^co^? 7 y-My b&wm\sti 
tfi*>7 7-\Lv hfi£-^$itS<h, 7 7±y h*^6&St!y 

r ^Cch^^^o ho <z)#jies t war * n«sa & 

t> o T *5 0 ^ T? J*L «g A ft CD T~& Z> , ^ 1 1 <h ffi iS *T 

K <o is n co r^i ic »ifcta:»*«-r €r s «*r -c » * • « d «> tc 

[0 0 8 9] AftWfctt, H4>*«BfC*teS««* 
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[0 0 9 0] ^©cfcol:*58WH (EffiCDi/>d/ ORH 

«^6JE**H«*IB<0««««*«Jl-r*c:i:*«T* 
[0 0 9 1] SSKW$tft«;fa*£:, C<D<fc 5 ^ 

n^t-s t><7)T »nn ^ ow £is Aftff- k * & ^ 

<7)<0 0 0 1>^|S]©**U 8 0° IgU ffitt (pola it? 
rity) 3&*KI£UTl^£>*><7>T&2>. GaNttft© (0 0 

o i) m\t, sffi^G amTmttz-iT^ztf. (oq. 
o-i) m*, esiK^jst^oT^s. 

[0 0 9 2] £61;:, ¥fe*ftT«oT, <fflO<g*<0i}i*£ 

[0093] a. &mmmm 

c. flo©*jBfti»tt^H---e»5^tt«fiff^ 
[0 0 9 4] -c&ntf, -¥-ne>(^m*c!:«oco««<Diw 

nt^s^e, rp^i;enfc*B*£-<R«j tnf-^ct' 

[0095] raDe>nfc^RB*'&««T«jcfiTfes^ 
6, H«*»*^«*H < S:#-s;c:ilcLJ:'5. cn«7 

tt ft *> S 0 SI 39f|S AttlF KCcfcoTfiS 
[0 0 9 6] H=S + K 

[0 0 9 7] K = A, B, £fcttC 50 
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[0 0 9 8] tl^CfC**. Kf^lt^T^S^ 
tEiKfttRK • *«fT SSH K<£>ftgR 

ftt> "6, 77t«; Mdt*fc*5lvrt!y K0JS«fc:£jS;S 
n*t>©T»*. *ttS^<0J*#ft£»TBB«fcBift 
&««Ht^©T*S, H«HfcB*£«*H0)*K:fc; 

ffifcmw&2>&o\z&7LZ>i)^ ^nrzwm&<> mm 

[0 0 9 9] #38lW#a>$te8H mm 2001-1023 

LT»£TSffl«KB*^<fi«H fe E ZL CTf S^T* 

**«*^TT * § t ^ -5 fc CI t tejgi*** 

S6t«W»tt»ft*3i«6T, BMMcBJtetM 

[0 10 0] BLtfiBtftS^ EflfS#B*-&<g«HG> 

tt«ftW6^©¥afc*oTT«>-¥iL*iiih)W"c*ntf 

[0 10 1] ffl»*RSft^ffl«Hftft«)S¥att»fc» 
fflK^t^y h^£/&2*atf^ M::«^TEfl«$:B 

[0102] bL&mm&mm&mmHibw&zt. c 

mzigt&-?2>fr*>. wmzft&fzmmxmM&m&HcD 
&M<D&mizmmxmM&mi&$:ftQm2>o 

[0 10 3] fe'5-oa)B«*l6»^««*flEo^* = 

SRfz^J: 0»^Hfl (cKiBSJ&ftOn^^vo coffin 
77ty W»«Sn«t< (H5 (b) <D (3) ^ 
^t) • famnm^yr-tv hW5ti*¥y bftrnzMffcZ 
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h n*. mMitmmrztfs mmxmm&m 

mi&* HOl:»LTGaNjBaco<0 0 0 1 >^f^]cp 

[0 10 6] H=S+Ktft5BH*l6* 
ft««'SfP0GaNS77ty hM^t^JffiH ft 

i::}&^tc 3 ^(DmM&^TM&T&c try 
»Ki:j;^T8 <R Iff ft $ n m tfai^enH^fefWtH 
^ R6 fcfc«§ K lc J: o T ? I £3fit e> <£> 4' n 
CO 1 0 7] £fcfc!y h«titt!*)6*6ftlr^5LD 

€r««o*0 t!y hWTf^filB^WSuiia 

^ 5 CI <h « tt«k t> Wfl! f ij jft fc <h ^ 5 d t ^ 

CO 1 0 8] «±*»9?OSii€:iJl^Lfe. &$&W\Z& 
'»TMfB(^3 0CDPpm^ (tfy h^Sfe^^E-V^-Vtefi, 

C 0 1 0 9 ] 

Co 1 1 0] ^rir>y hiB*>S)5cStry htfAffcRBH;: 
?¥*E L ^ flfi <£>iil €r T & S BRIM? h # ft SK lc # 

«i i £ * <d m hi owka tifcULUwmmztKomxwv 
* s m a # k % m& <d m mmm , saw m <t r s .r ^ 
<fc o x ; Efl » ^ RBft^ h <omw<D m$ a igfeffi gfl 



< 17 > &BB2 6 0 3 - 1 6 5 7 9 9 
f* M ® Z <t iji *S A & glfcJc Y *5 H- S fiflr & M'> £ 
(1*14 5) o 

COlii] j&^te, y^-fey Mfif^SttStTy h*** 

(SKli & m« Y K £ * tett £ « il> 3 1* i&dSr <D G a N 
CO 1 1 2] ^Bco^JB^ffitlxTW, *SAfi£ftB$<Z>Ji£ 

ftasHfcfcHT, ^r-tr^ hiEu^<b>&s try h£^/# 
l , « tr >y > f& \z mmmm^mx h utit* 
^fe $ -a- , m m 'a i&M^mm tc m& zmmzit&ztiz 

¥«f Kfif^^ Z ) <Dm<L * i&m $ s «fc 3 tcT 

S (IM<Jg4 7) COT* So 

a? co i 1 3] ^n6*«*5fi^<oa;*s«T»-5. ^riz 

50 CO 11 4] tm<Dfflft} t^?<0\Z=2~D\Zftmt<tl 

So try htj:-3T«t)nsa»*;:^Ttt*j»a«e 

to l l 5] HMftKft£M*0ttMtt, WMrAfitEtt 

^^Y^wssffitefi^^z^<£Kfe*^iiitc-r 

co i 1 6] -en"T?tt*Hf(ot:y bi*mmz&&fr? t 
diTsso ¥y boimzmfiLTmmxmm&mm-i 

«t^. try S*-3T<OEB«>cffijR^««T*S. *<Dj« 
50 ^t^o try K*«*oTt>-t<Z)TfcfB«^M5«^««^j: 
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[0 117] ^mmomttym mm 2 001-1 

0 2 3 0 7^) \Z¥y h4/S^l©5friLT^S^ 

fS^T * £ #(Ett £ en & z. t ft & fc. ' 

[0 118] #$MHttfc!y hOJElCHMKBJK^flMH 

Wastry Ma r*tfyH *» 

[0 119] tfy MBfc3-— ^©SSiJttxtr^ + v^JI/ 

(nmm w ft » n tfett cd ^ * ±^ ^ < j*s m c ^ 
Lftttntite{iHM^ s Lft^o sE^st^ Mcfct, ran 

[0 12 0] *nTtt£3LTffl»fcBII^««£fPS 

mrnxmrnftMrnH y h ^m^mizmwm l < & 

[0 12 1] P^WrB$SIW^SS^f^ot« 

j:3ft^p B iwfta»tt«a^tffia^^st-^oT»^o ^ 

HffifEffi&flHtt £ ffi?5£ "Tf ^ £ <h ^5 S fW W ft <H 

[0 12 2] Efl«B^RSft-&fig«H^*»^^43^TlS* 
»l:iBT*S. *nTH«*B*^«*Ktn>T.fc?> 
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[0123] [i. ^«eaoER«^ffi«&$fxttH m# 
SGaNnscitm. *<Dm&\±mmxmm&m 

ttiBfiiEffi*««Ytt^-(om»flT*5. gbaaba 

[0 12 4] [2. J|ft«#ttOJ|l|SllC!>nM^Kft« 

««h (m*jb4 9) ] mmxm$k&m®mimm<D& 

*Sffi<hSftS— 5£*{ft<Z)¥«SSG aN© 1 fla±0*ft 
«Kffil»tffB«Z^»ttJlffi;tefl[^««Ytt (0 0 0 

i) jB**®¥ff^-rsmjsat?»s. mmxmm&u 
[0125] [3. <o o o i>«w— a-r^^&o?*. 

^«*H^jgffl<D*»at<0 0 0 l>£#=fcilT^CD 

ii?«s^5-ot^¥siG a no i m&>-t<Dm& 

fi(EffiHrfl£*«Z^#«flfi<Ett*«*Ytt (0 0 0 
ttttcN^JMBaaaocN «0 0 0 1» \zWirt 

[0 12 6] [4. ffi«fe^SIEbfc¥JHFffi©ffl«^RS* 
^rM^H (IS*Ji5 1, I»*315 2) ] wsm^c 

T, ^(Om Di<0 0 0 1 >Jjfa(Dfr& 18 0° 

^>o BB«*BB*ft««H<Z)c*liS: 1 8 0° EHES-frSi: 
mi£M*Bft<D^&£m-lzT%Z>o GaNJSSttgttS 
*L,T^0> (0 0 0 1) ffi^«jgf^Ga^iS<t:fto 
Tt^^ (0 0 0 - 1) ffittSgaKJR^iBtttoT^ 
cfcoX, <0 0 0 1 >-)5\p\<D&tf 18 0° 2fi(EL, 

itt^s6ixT^si&, ^<Dffim<D$zmz\$%L&*m 

<0 0 0 1>-^W18 0° Wmi>tz~~DU±.<DMi 
[0 12 7] [5. Itt*Bt?tt«)6nfcB«>tl6*ft 

«*h («*«5 3) ] n«^iem^«i«^no¥ts 
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[0128] [6. m^xmTttw^nrcmmM&M^ 
««h («*a5 4) ] mmxmm&mmmm<Dmi& 

[0 12 9] [7. B«>cttT?tt«J6nfcH— *tt©BB 

«*»s«ft««H (i«5 5) ] mmxttm&mmtf 

* o Ttt«i e> ft*: i h ± <Dm mt^ * . 
[0130] [8. mvtxm^i±wenrzfflmxmM'& 

M4KH (11*915 6) ] HttftN£«Mtt#tHH®¥fg 
ch «f A^r ffi tt B— T? * * RS ^ <t -3 Ttt« 

[0 13 1] [9. flllSM»Uft:nM^K««*«H 

(«*«5 9) ] «mxm*&nmtfimm<D*mM» 

[0132] et±^H«^R6*^««<z)ttfi^ffinH-r 

EBa*RS*^««^»a (i) <z>»^tfciw«*-s<Dtt 
sas-cas. b^LEB»^»B*'&**H*«*ji8a<o«& 

"C 4*R6 5 • 7 r-fe y MB** 6 ft* t!\y h<£>/£ 

ft* d ^&BRff^NBil^«*tt>cK«$» 
«BBO#ISa»tl4iil«^tt"Ctt«6ft*i:^5 llttf 

[0133] [1 0. ^R6*#*ffitt>CRSTtt«6ftfc 

naixMi^MH (M3itJ9i5 7) ] 

HfcHSafcJfe*^*, «HO#<ga«S»i:iS«*BSt<t 
oTtt^J£ft£>o 

[0 13 4] [1 1. *»****«fcttTtt«6ft& 
EH«^«*^««H (Bl#9i5 8) ] ffll^il^It 
HttttAftMe^*, HHco*«ga»»^«tt^NBa>* 

[0135] [i 2. ««^bb, mvtZKm&^tsmmx 
[0136] et±-c*aftH«i^tt*^««fc^^TK 

HilL^c. 2fcfcttAJ**©*ttT?*S*^ JtSa^JtSoSrifil 
ttc(*Sf|6]T*S<D}&«ii*T*S (i»3RJ^6 1) o SI 
StR<Z)±^A^a5R<0^ft^«J ^AjBaSr^fi^iJ:*^ 
6, 3 0»fttt<O*Sc«i»|flllCjaE*S-B:*i:, 
StGaN©8iiSfi©»#tt^aSt5 C ct^T^ 

[0 13 7] f(Ot^, 77t7 MH^63ti:-5hr^ h# 
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a n ttA#a*T<& o c M&b x> \zmm<<Dmm* 6 o 

*o El 1 ttCBBfcT*fctry h*H*-r*tf«, 2£A#ifi 

«»iB**— ffl»fttf+-ft«t«fiE"r*©T»S. oi= 
0 (hkmn) ffltDffficD 3 ^c^Jt^ h , k, m£Aft« 

[0 13 8] MH©iB»»tt— *K (kk-2 

kn) (k, nttSEiBt) £ Ik-kOn) t^icfc'Sfc 
*5iT€r£ (M«9 6 4) o dfte 2SISg<Z)jS« J E-ft^ 
ft6 0° ri(I#SU -fflOltt3 0° 
To fc # *6 3 0' »]*©H**J5fcT#S. /:>b®12 

[0 13 9] -t©4*Tfe»t)*lH-r-&7r-fey hBStt, 
^ 111-22) Si (1-101) iliT$>-5 (s«>RJg6 
5) o ^Tft**"-*«WT?3e/sft«i*«T€r«U, 

M^-r* ta>+— ««t^T€r*. {11-21} Hfctu 

[0 140] S6i:77ty « 

ft* (BfjfcJg 6 3) o CftttW^tf {1 1-22} , 
fll-21) (1-101) , (1-102) 

o£o\Zc Mtgft n t>©*«* 5t^5itt» 

£<> ««t<0»^#3W+4ifc<* (n*«*«^*) o ffi,?4 
30 <D%~D^m\*9VM\Z<Z> (nsW/hSlO 3&*-tft*«#ttA 

[oi4i] H«*B*§ifi«Htaa)S*«f077t 

■feu; hffi«)SlBStfc— )£<OB«<o*Si4:*<»*^fc. 

BB«^nftd««Ha. lf!yh077tyHB 

MiOct^^tf^ hSr«lS-rs*«»©7r'fety MS (DM 
Sftfct (11-22) <h {1-101} T&S. 
40 [0 14 2] t^^30*Bfl»*l«»^««<Z>]H« (tfy h 

(Bl*«6 7) o M^.ffl5 (b) (3) ^*5^T— |Ji 
tt*»Hri*^c $ ft -tfttt c Wi<Z)»»***fc 9 ^ I* L ^ 
O ZLhtifrib, (11-24), {11-25), (1 
1-26), (1-102), (1 - 1 0 4) ft t'^liS 

(i»*JS6 7) o h®/j^ft*tfv/ M£K 

*f^ H sa^s«Ytn <o o o i>*6i©**ti 

5^ 8 0° Kl, att^JEtebTl^«-&^BI*^«»ft 
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8) . «»ft©J:0/h$l^ttftiffi^tttt, 
{11-2-4}, di-2-5}, (11-2- 
6}, {1-10-2}, {1-10-3}, {1-1 
0-4} frt>t£& (KM6 9) o **l*«j**tifefc 

&Scdt&S 0 7 hHrt*&&*fc?v MS^&SEB 

$s&mw£<o o o i>^fi^<7)^i 8 o° eei, a 

tttfEte S **£r ligf fcB» 6 ns 7 

1) o tf ^ h/£<Z)«^Si<Dftffi^ai^<hl^^ttfiS^ 

[0 14 3] 77t«; MH*>5fc*fcfy hj&IC«*Hft 

2) o CCT^^^t^^li^i^K-^^^t^o 
So 7 OR^R^^^coM^gB^^r^lM^PiSm 

So 

[o i 4 4] mmmizmmxmm&m®Hi)mMLiz< 
^(o^mmj^^mzmm^^^>o ^n\zmmt>^^rz 

1 1* ? f iJit & £ o »l« L A 5 4: -T * ¥SS K RS At ft s 

[0 14 5] try hJ£^T**BB«*:RS*^««H«, 

Tt*S (|«*Jg7 3) o **ftfrfct>J;*3St, fflffiftK 
*-&<K«H<&fig£ 1 /xm- 2 0 0 uml:l«l^t 

H^m^SCi^T^So 
[0146] 7 y± v h«fcf y 

-fey httfcfv h0Eg^t^«^}i, EBf^RBft-&^ 

[0 147].77t7 hffi^S&se^ I^OBBIfi^RB 

^7 4) 0 cntt, Efl«*;RS»&fi«H^ftt5i:o 
n, X*J^-W{-t,^^T*Sfc«)^J|»S^{i4:<Z) 

^^-rs^c^T^So 

[o 14 8] m^\z&^TtemMxffiM&mi&<D&w 

(ffiffiW\) &F\M\ZteZ>m'& : b& 0 5 S (M*J^7 
5) o mifl^Pfi*fe'&®itH(Z)^^^&(7)e : ?^^^^ 
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[0 14 9] —Jj7 7 J ky K Bff rt* e> hJSoEUSi 

[0150] ¥^W&»fl«**ia]*«c*ii^rfijT»«>« 
io ^zBi^m^m^n^cD^m^^izu, cmzw-niz 

«: « \z & n i~ ft s (til 

$17 6) e 

[0 15 1] £fc 77l!7 hMtf^ftStfy h 

¥fT # zstz m&&m&* tft&Kiz&i,* TKte * m mi? 
«**T*«iiw©efi:ft«6-r^*=XA3&t»< (it 

#^ 7 7 ) o 

i0 [0 1 5 2] ^(DgMtO)^^zXAIJCI^6ffi^ 
tf>f# fi <h t fe fete # c M ir W-ft \z tf y h * i? ^ffi] D 

AffiZ* YTOKiiKfi^fg^^-ttSiil^r 4T**>S 
(M*JH7 8) o Mx.l£mi<D (a) (b) T^ri;:*;/ 

hWrtZ&ftHD&O \Z \H\n\£lZ$UMlsXty< <gffi \Z 3z 

w -v $ n a ct ^ iz c m \z ¥ ff ffi] ^ fx *r s £ 5 

fflCOP^II^RB^ie«H^l»JR$nS. B2li77tv 

\zmAjfcmmz 6 ^aicD^ig s f3fr^-r s tm&ojjfa 

(rft^TS^T^So 

[0 15 3] ^n*tftBS«C*-V^Tfe5$^Snfcteffi«^ 
&««**fiFffiii"r, Bl.(b) cOck'ptcjEl^M^^RB 1 

[0154] 13 foftm<Dm&<Dm<&<DmW)&^T&. 

[0 15 5] *^B^HHI4f37KTcfe3^tfy hJBE«rBBH 

nso z.z.T*-~m*ffimL— mzwmznzo ^<D§m 

(7)^ST^So fr5fi&#Kfc*t*T&£*&&&0, K<1; 
Scojnq^TrftS^'&^a&So ^^ntcbTfegB^^PteSI 
^^^fe^K^KtrcfcoTfflUenT^O^^WIT 
&So Kffl»ttt(gtt*t---aGB«^RS»^««HtAS 

5» fc^e»¥^s(£4to«^fin*s 



39 

y . mm a fteffi fkttnm ztoks:©« *j> a* a w -c 

[0 156] £T> *|R©Sl{t/JU^AaitEa)»iSfc*5 

its* sasfi^ffi3^e>HiHi^3»tt<D*sc«i^i6i 

[0 15 7] ^^^SSffi^MfiJSilTH 
*T«ra«*a*-5 (M*9(7 9) . 

[0158] ^n\r^mmzmmm^<^y k mm^ 

R6^««$ria3niTSi:t^c:i:T»S. HI 6 (b) , 
B7, »8 (a) , (b) te£\Z®.miEl'^mmffi7&fc 

<*^<aji6^<-rcfc'5(z:-rs<z)^s ! foa^. ^t<Dm& 

[0 15 9] z.<D<ko\zyr±y hBSrt*&ttD+*fcEB 

S) > Bani*t#tt OE^^M^JM^ffigTS) , n 
(*^^M^K^{cgagT^) <a 3ffl3S<Z)/\° 

4 telTT 1 1> o £ & < £ /utfVt ^ - ujffi i: -5 . 
[0 16 0] [1. 7^0*J^tt/\^-> (08 (a), 
(b) ) (a»3ftig8 0) ] ilttteEl 8 IC^-T^, tf^h 

IEH#^co— *2<Z>fi££:fcf >y^p <h«f«^. cm 

^ £ fc £ fcf *y h © it S d \Z \f v ^ p \Z S l£ 

(p = d) o 1SI8<7) (a) tetf>y ^CDTjfa^G a 
NtSft©< 11-20 >(0^|6]t^fi : T»S. El 8 CO 
(b) ttfcTy^^FlSWlG aN»< 1 - 1 0 0><Z) 

[0 16 1] C(7)®tC^^TFJ^R<D4»^OiaA^BBIfi 

©^ o «r^T7&«-tnttHi^ £¥igjifiiftmttfMt z 
©M^^LTt^o z>m>bPwmmzT~%z>m 
\,^ft&<omm &mts a m?jz &mmyx&z>o mmm 
\zmm\sT\,*zt^ozt\z&&—femm<D*s*\z£iisb2> 

-vh&o Lfrvmmzmmxf&M&mwmm<bm*\zte 
£ r s » y <u% K®mm^ ? - > £ l 

[0 16 2] [2. U3E*|»tt/^-> (0 9 (a) , 
(b) ) (|«JR^8 1) ] ZtUZm9 KtfcTt^ tf*y h 
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COfii #i £ & <5 „ JEJjM (D—m CO S £ & tf *y p £ 1? ^ 0 

IJI^IU (p = d) o lH 9 CO (a) \Z\Zy^<Djj[fttf 
G a N*gfiC0< 11-2 0><h< 1-10 OXDjjfaiZ 
¥fTT^^o 0 9(50 (b) tttfy^^lHl^GaNttil 
©<1 l-20>i<l-l 0 0>(OM«il4 5ffi 

z:<Dfimzm,ffift$cxmmx%te^ 0 

[0 16 3] ClO^^^^TlSJ^n^ + itoSl^^ja 

i o fe¥»stee<a*ffi*Y©iH«^i2:< cm 

GaNf/HXf^^M *IE Tf a5 ^ S <*f X? 
H>F-iJffl T # « CO »*«afi£ffi AM* Y £ ijMg&fti; 

[oi64] [ 3 . - m n w tt /t ^ - > (ia i o 

(a) , (b) ) (»5RiH8 2) ] ^nuaiOl^t 
tf^y h3*«n^KjB^ 1 2ft^, 6ft^T*S0OT8l 

(50 tf ^ p i« i22«8(Z) tf T q * E»| L&frtntf & b ft 

& tf^ h<£>mHd t^Stf ^y^p t&K*Ut^ (p = 
d) . Hll 0(0 (a) Hge^pOiWGaNffl 

<d<i 1-2 oy^mzw-nx&^o mio<D <b) 

ttfitr ^^p^^GaNISlaXl - 1 0 0XDJ5 

mzm=sxhz>o 

[0 16 5] ^©Ht*tiTH^no4»ii>0!)*lA3&*HIH 

cojeffl^^LT^^o mmT&m>bn<Dmmiz'cgz>$& 

UTW^j^wfflT^^cD«m^a<£tefi^^Y<hm^ 
a<atefi:ia[#ffl« z -r & o , ^-ti^miE u < je< & 
t ^ ^> ^ 6 x / w x se if iz & o mm co % -r x ^ 

[o i6 6] «sa^fi^co«sa^Mtr, Kffi{cenffi^R& 

5^ CO^^fiPgBd (tTy^p) (4, 50/im-2 0 0 0/imT 
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»Z<Dtfim&\s\,\ (»*JB8 3) o 
[0 16 7] ^R©f /H^*^©-±l:fP8tS C t €: 

[0 16 8] K»ttf y b\±y3 L <Dliffite2 0 0 0 /im 

PFSbTtf >y h«»ttl»*-r*3Wlf ^ h 
rffc ^ £ m £ A £ < IiS*A^ £ < ft -5 ^ £ ffitttf i0 

t@*_&o mmmz^mizte&frz \±y b<n\zy^\t2 o 

[0 16 9] [gfllft^R6*^m^HCD^fi£^rffi] 

^r««Hco^^ffiHoV^Ttt^"r§. MS (a) , 
(b) ICh! *y \--^\Z^^X<Df&^^7TsTo i6Ttt 

[0 17 0] **9!<Z)t»»«ftir43^Ttt, ^-XtU 20 
*TifllS-ffi2 l^rffifflT^o ift^U^AMSi^Ti 

fc* » * B b T 43 D * K BSiB IC CO tf y h 3W»J« 

[0171112 3tt»fSr¥MJ3«aiIjEL<*tR*®tr ^ 
fiittSna. ¥MHItel2!6 (a) l:^f(i:*0T»5, 

3*SBKUT^S. T*S«2 10)®0<Z)«B» 1 9tt3£ 
M^iLT^So GaNttft2 2*TflS3Sfi2 1^ 
a 2 3£>±f;:j*ft£ii-£o GaNIJi2 3 0±i:Mfi 

?|J/H L tTy h ^^^JcT^o I5M>&2jffiT?&S. HI 5 
(a) , (b) <D (2) <DcJ:3k:T»ffi<7>±£ttff<«} 

H2 2*«ft^T^<D±tt s l £ affl2 7 (CI) 

« 2 3 0±tt»»*tf!f*|3<i f ^^e!y h 2 4 (HflSK) 40 
<fc&3. try h 2 4«6o*£Wi 1 207yt^ hffi 
2 6 @2 3©±fchfy h 2 4 <h ^ 

[0 17 2] $ef!GaNM2 2 <k*h*i] 
t577ty hi?ff2 6^8 2 3Wr»^5i:3l:/j: 

LTt0<o rcOjK^ttbfy h 2 4C0J@S 2 9 J5)cS 
chiifeU tf 5/ h 2 4tt±i" / v»»tS. hf^/h24<OJE 
2 9t)^l:feW«iLT«$<o 0 5 (a) , (b) 
0) (3) KJ;^<B<k5ftttffi£:^T. 50 
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[0 1 7 31 12 9 0T^ai«LT|jtfi"r«)«Sa.2 5li 
■t©<|fi©«»©»Sia2 2<tttRHT?*S. j£2 9CDTffi 
2 3<0±KSfc*«#(0lSfi2 5£gnffi*K«^fftttH 
t**. BB»*RS*^««Hfc*a>«i<Dttft 2 2 t<D* 
^^3 0*fttSB£»K7?fe*. -lE-n^LTrtffl^SS 
^£9312 3-K«^RSjg^«*H-l£2 9 rt* 

amms 4) 0 

[0 17 4] yytv b 2 60mT<Dffift<D®$mW®i 

*«m*sa-(sigffl:*««Ytcafcs 0 e>y b]&2 

Tte—ffiO HI 5 (a) Ttet°*y hJ£2 9 

ommtyy^y b 2 6<D«^ipiu;'r*t)Rii:jiSfi^ 

tecDffiT&£. L^10 5 (b) tf*yh/£2 9 

(19^8 5) o mm&m^tfy bf&2 9«\ 7 
yiz^y hiS2 6 ^IS^It^oTt^ttm^ 

77tyM26*« (11-22) «<h"T^i:-t 
niCS^<S2 9tt (1 1-2 4) ©.fcaCgST^So 
[0 17 5] [*«&«<7>lilffitt] Klfl^lteft'&«B«0 
fctta5l2 3ttT^a«KiI«fcft»Tfcfi^b, 
TiSSl:G aN®«r»<Oii-T*^*0±^#frtTfe 

[o 1 7 6] m 2 3tt^piwrraflijiEL<BBH-r^*T 

[0 17 7] KQiSlttfltL/Ttt, GaNCDfigfiLtC 
ffl^Su^ttS (1*18 6) o »«t, 

[0178] m<DW'M~^mi mm<om^) ] t^s 

[0 17 9] «^0)ffl(O^ttttR^, 3rfmU£k.t* 
- 3 0 0 /imttSWib^ (IS*«8 9) • mco 
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/xm~~ 3 0 0 u m Wfi $ O J: ^ 

[0180] mmomtmvmm] iwsfc*©* 
[0181] -r. sio 2 «i m>m 9 o > a 

Xte#A®) 

P. S i 3 N 4 »flg (iB^iH9 0) (^«axtt#A 

so 

A. P tMR (lMHfl9 1) (£ftA) 

x. w*(t (jMeA) 

[0 18 2] [«<Dfls«;£8;2 ] 

^bfcjwit g aN^naraat^&TMiaK 

aiaT*T«sstRco±c«flijiE u < eh-t £ c £ j; ^ 
4) o ^n^GaNfi^TJfes^oiitcgEie^n^ii 

iCctD, * <D ± «MI 0 <DHM8 Aff t tt A & o tzJjii 
[0 18 3] G a NSf t*$©i:f0)±^G a 
5 KB AS**, &^«^fi^?i^<DT|pIi;«^c^G aN 

o«SAj5i«^fe-en*iaihr^fpffl^*s<^T*§o 

[0 18 4] Jft^tt, MiiloTH^Ii^t)^ 
[0 18 5] [«<DfP«^ffi3 (RaSffiMeMfft) ] 

[0 18 6] GaNK^<OAaS«ffl«rGaNJBrt>i&« 

C-lGaNXhfi (GaN/W7 7i) 3 
it, H*>:l«*dlH*H&^-r^S'«tt©GaNXt; 
««:l»*LTTfl!sStR«:«li$1i-^(0±tc:G a N^B^ 

6) . 

[0 18 7] TtaS&BMfS^iCcfc^ttttt* 
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#r*-r«, GaN/\'^77l^L{;GaNMl^« 

oT£j£T**a*, aillw®^, RB*S»i:S5 

•V, Xfc?*;k SiC, GaAs^:<!:^i|jHTt^o 
[0 18 8] [a<Z)f^»*iS4 (GaNxeiOlCS 

9 7) o O^DTMiSIR/GaN/fSIIRfflii^^WJje^ 
S)6l:a^fefe©«G a N*ft< TTilSfi/i 

[0 18 9] [«^H*jS5 (T»a«<o±^»i«* 

a. *a*iiB7^^$aiu vx^fe7*huvaf 
7 7 >rl: i t»»« ^ ^ $ n M 

[0190] moiitm (B5)] a*wi»fcT»a« 

K&^T, a&*<D«ftfc#^Ttt, GaNIJTiSSfi 

<?0 MAbT< ^C0-efflCD_h(C^G aN^i^T< £ 0 -^tX 
^GaN^St*^^ (A) 

[0191] mcD^izm^^mm^wvmax^x. 

JMM£KU»A:&ti^A&:* (B) o «A«tt«t||a:« 
#«tt#R*gT*C<fcfc*3. ^c<0 0 0 1>«« 
ffiTS0<O¥»SAct0lHl<eLTV^c:<!:fcftS. $>Z>^ 

[0 19 2] [ELOT7^iMIWM^Ki7X 
?£<DWmi (mmW) ] ELO (Epitaxial Lateral 
Overgrowth) ii^oOte, JSflUlE L < /h^*BBH Lfc V 
X ^ £ T S tR co ± £ tt/jN^Bi MSl^GaNi^: 
Xtf^ + 5>^;U/}£fi$-fr, GaN|//7X^g^^ 
3 £tett#lft#«MJ*fcfc DGa NH3WI»««m<0-* 

r^b<Dx\ mm tc £ $ s z. t. &t # -sis »u 

50 z£feX$>Z>o cn^it^^iT^SWT 9 - 2 



t 
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9 8 3 0 0^ 1 0 - 9 0 0 8^tCt>#^T& 

[0 19 3] ELOV^^ttM^ra^j£<P,an8|5ffi 

t^z t^o <koti*f!m(o^x? mm$mm> s o 
\z/\\&&mw u ^7,2n$~>\ttm*mtTz>^t 

X ^ iz & H T . /h ft « /Jn $ < T /h SBE 3*1 <D tf >y ^ *> JTffl rt> 

>5 0 %) T&£ 0 
[0 19 5] ffi/1*->teJ: t>:*:#l>« (ilS ; 1 Mm 
- 3 0 0 Mm) 3&*j£<*tfe»fc (50/im-2 0 0 0 /i 
m) #;frL£J;?&A c ^->T&£ 0 3685 8S jiff «^»< 

^□swiWAi^yi^^x^ mmumm< s o 

[0 19 6] fPflit>il3a:^<DTjlPIbTtta:6ft^. ^ 
[0 19 7] «/t^->tt^aaj CF«!S«#»MT£ 

5 c: ifrfc-So *£££«$Tift«$ftfc¥ffiT»5 

(M*3B9 9) o (a) Efc^T. THUffitg 

2 1011:8 2 3£6[m#ffcl;:SBgLT^£>^ 

fcftV*. S i O2 , Si N^&IR7*^£fiJffi-r€f5o 

[0 19 8] ^O^^^^^X^^fPfflrai^COfeCD 

Z ch (K^tt^fRtt Y T ©ttfcttf b*«-Ji mil £ ft 

So 

[0 19 9] [EL07^^if«ffiI^Mf-7X 

2t<owm2 mm*)) ] eloyx^^, i^^aa; 

19 (13 6 (a) ) ^iS^S*aiCO*}*«*TX^^^ 
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2 3 0ftV^eS 1 9ffm:ELO?7^*WM©T 
/Jjc fi * ft 3f (c £ o TffiiS TS d <?: IZ fc Z> o ft m? 
JKfthd:^5«&U, W#fCT*£fi<Z>±lCE LO 
77^?:WtELOS*UT|t/^fiGaNi^0 

2gm k W£ft££-££chci;^ (19*31100) « TJftS 
S<^lCGaN(7)it^777iM-l$tT*^EL 

70 [0 2 0 0] ±fSO^ffiT«, 150 TtffiSS<0±, 
t^«GaNA7 7yI ^WTSTifeStMCDJilC E L O 

7x^e«tSo cifttts 1 n^>s 1 02 comm (1 

0 0 nm-2 0 0 nmSffi) ^MlT<i^<^c 

—m&wtum<Dm=&B<Dm&&&iz/hm mm. n 
m* mmm) ^x7?>^£itmt^ 0 ^o±\z 

GaNA777l (8 0nm~13 0nmgg) £{£fi 
^c66O@T$)S 0 ^(DJi^GaNXtf^^x-v^g^iS 

[0 2 0 1] *<D±l;ifty*(&»/^->£g9!l*£. £ft 

ELO£W:E9lT?£So l/^->^OGaNxW 
^5>W^/I<D±f;:GaN£/&ft£i±5£, flt^s^xt: 
y h3»«»j*afttf y K©fi£«fc:ttEB«l*:fi&«&«[«H^ 

^oT«mttSteteffi:*««Y^dc:$fts, 

^ Ga NiBSfcWHEttfcfcs; 

[0202] [^r-fe^ hB&rt>£&Sfc!y h<Dft8£>ffl 

»}*] m^^-y^rmmmz (Binifi^icGaN 

A^y ^rJI^SmfcfccDTfcci;^) SBgb^-0±icG a 
N^yy-ty hl&mt£&&£m<D±lZ—fc-1$1fcVT¥ 
V h^iit^c -efttt*^(OtB*T*oTC:ft*T 
£fcfctf£MftB^L£:o HI 6 CD (a) C0ffi/t^->ch> 
(b) (DG aNffBS0iBflS:J:k«Tfttf«k<a»T# 

• [0 2 0 3] ^Bflte, TWlS«0±^T'i6t!y 
^ Ofe^(Ol$:EIlfOl/i^G a N£*SiiJ*-|k3ii- 

0 1) e 

[0 2 0 4] ;^->z>^bfc#iS, 
15tWf:e7 h£5g±£i±£ (WfjfcJJt 1 0 2 ) d<h^-c 

50 \Z?Z> t! v S^^^^ft^^^Tfe-S (W*JH10 
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3) . 

[0 2 0 5] «<h ft* Kfttt. &itmt&E 
BSMIliLTtt, S i O2 I, Si Nl^lCiSWT 

$>z> ammio4) . a£LT«<&^*^*ci:fe 

T^r^o TflSStR*Sl^4TifiSfficD±fcWViG aNA 

* 7 7 /a *K»fc t><o<o±^«»^**flijiE u < mm £ 

t*(0±A^G aN?77t«; Mfc-ftSI**. f^t-S 10 
<L » *u <0 ± £ ^ <£> flU co 14 T <£> j$ S ^ frdWcC^^S 

MMtai 0 5) o 

[0 2 0 6] *©fc»©«8S[^tLTttaa*JR(0«fi[ 
N^SMtT, G aNf4^«f^t)tt^(!:« 
WC«MjE-L < UT*0±fcG a N £7 7 -fey 

(7.)Ttr l4iiMSa<g;fc{iia^fg« Z D , h 8 7h <£>^co 
C Hrit*¥««T fc: (44UHII fli^ Y &$>2><Dtz 

fflCOgagtCctoTCin^ 3^0fig«H, Y, Z£ 
*i« IE L < 4- A 5 d t £ S o 
[0 2 0 7] ffl^tft^ U £ AffitROjJig] «e*C0 
G a A s S«&£fc:SMt;tf ij A*gSft/*fi£i*£«<& 
tt«^«<¥a3ttCiilJ«**ffoT^fc. CIfiEftO« 

14 ^ — k *g <r> (gfi: ISgfi^tx^t^o/:^ ^ 

i&lfcWfi-C&ofco fttfKcDELO (Epitaxial Lateral 
Overgrowth) fifcB CM^EfiT* o feo *rtl 

T?*ntf ¥ffllS ft CO * * f ijffl -T £ d * <2> • 

[0208] \sfr^mj\m<D9tm mm2 o o 1 - 1 

0 2 3 0 7^) tt^r-fey htfftftlO«>T«36Lfc. * 

%0^t>^7iry h«*icaixTa<z)«a»c«fc-5H«^ite 

CO 2 0 9]>c^b*fgB^cD^f£TM5t^n^Sfb^U. 
XU WBLfcSlbyJ'JCAStKtt^JtHiffl^fe^, ^a* 

<L f ftffi^£o fnb^^l/-AL^(O»Ml0 8- 
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[0 2 10] GaN*6flfifc*K:*3l>T, BUR 

H COS S £ l&JI K ft teft co#j MWk #^!9f t L 

t -r £ £ tc ^ 0 n bb <o vit AfiKtt m z , 

Bft««JjnXLfcf£, III, T^&^fflft^iT^KIS 

ch-r-s (is*-3ii 0 8) o 

[0 2 11] *58^tt, GaNttBflSftKlSsi,* 

wmmmtLTmm^z z. t \z& 0 mm<r>m^i& 

»6nfcGaNjBBS««ftjXLfc«, W« U 
ai**t*S«tT5 (1S5R^1Q9) 0 

[0212] Wttinxco^ffi^LTtt, x^-rx*x, 
BFH'Jijnx, ^ y tf >^oio^^- ^*^i^iz:ow± 
co,m^^i±ch^^ (gg^JBi io), *^Hj](?)iSM 

^coTimSffichLT^, GaN, *7 7<t, S i C, 
XtT*;k G a A s , S i fc£<B*IS»ftfflt>*di# 
T€TS (IS^Jll ll)o 

[0 2 13] &fz, M±{Z)£^Tl*tcmm^m~T:\ Ga 
N©iBfijBS*$*J||-r5IR*C, GaNjg|^)?<fi)cS$ 
^>^yhtU ^i^^f^x^-rxax-r^Cch^ 
ct 0 ^$c*fc (O^b^/ U ^7 A*S A ft f# d £ T * ^> m 

*aii2). $^(-«, K^*«w«)*ffifccfcDfPias 

LftGaNSfitiiitUt, tO)±.\zm 

^ is tt z £ *t b « ^ » « y 7)* 
<d mm!K mm^mm h cd ± « 7 7 -tr v v m & e. u if 

h *u «Clk:l4HflH>cnft«««H}&t« 

B(B;e^^««Y(7)±(r«7 7-fe^ hjB^Stt^tfy h 
^4SS*5cfc^*¥^7 7-fe^ HH*«Wfl6an, m^Bfg 
(Effilik^«*ZS t4 * Ml B fttfcte ^ IR* Y ft f 
^> 0 ^Oct^^aifSBiiLT^Sfi^Hct^GaN 
^Bftffl^TiP< GaN|SMI*ilLfeS&, MMi 
0-r>=fty h^taii^^^-f >z/, y hftf#^di^1f€ 
Cne»CO-f >rf^y h/j^X7-f XinXT^C^tCcfc 
0, ^.Kttofflfb^U^AJBBftSSClii^-r*^ (IS 
*«113, ISaRiBI 1 4) o 
[0 2 14] [*58^©«{b*f'J^AffltR] *5n§0>l<^*S 

&m&-jjm, Mii^^iict^T^sn^n^fb/Ju ^a 

S tS tc O ^ T ifi ^ % 0 ««JpXW» L fc^^ffi S 
3601<BTJfta;«B*5& • ¥lfi{bf^C0G a NSI^T e Z. 
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«t fe&K m \\R-c&n tern izmm&jj^T.n&o&h 

[0 2 15] MW\TEis<rti?->m£/uT^Z>o m>bF\ 

5ffi»t*t)ss«ns n &*» Att it k a> s & * . *g 

ftT»£«^»fliJIE L < BER L)fc©TBfl«fcK**«* i0 
H Hi ft a<«IMiE L<iJi|LT^5. 
[0 2 16] ^Ott«Ttta««¥fifcW*LfcC!)"t?!i 

ttOTH'l 3& £TK&* U T ^ S ^ £ b ft (D Jlfllt;: 
* fc 8R» #JM8 Afit£ffiBft ft ZU<D-e$>z>. 
[0 2 17] »ttSiSieffittff««ZttRtt (+=#, 40 
Aft) TftOKKR— (B^tt*?****, BISUfcSK^O 
ffl <D Atttf Attftffi YTS§o Af£ 
fett&M^ Y «>J»ttAfiEtttttt«*Z tf)f£<EteTft 0 
HMftATftO Cl^Iit^o l^lCLtt^l 

[0 2 18] *»W©*fc;tfiJ«>AaS«tt, S1fi*|S^ 

*SA<Bffi;<E{4<R« (Y, Z) fcco 

[0 2 19] *tlttH + Y+ Z J: 0 * ^ 

Bf&istzt^om&h^w&oizte&o 

[0 2 2 0] *V^4, *«W©ftflS*rU9A5SStt, X 

flii:*eaofiCttiB« (y, z) 

ft: (H + Y+Z) S-»fitLT*ROS*fi«#*5 
fe^fe©T?** («f*«2) o Et±***««0¥»Afi 

[0 2 2 1] [HM>:KIR«fH*Ha)aai] cn^Ttc 40 
*> fc tfaS ^ S # WSM ^R6*^««H K 

^ATft#;r £t>ft9, itmsATftsw^fc 
$>^>o -^A-r^isiffl^-^A (y, z) £*SA:#{aa* 

S&££V>oT/k — ««Ttt*J>rt*&l>. PUSH! 
*SA£<0 0 0 1 >Kl**iiCbT*<7)*filHlDfcEHEb 
fcJJi*SA0>£<hfcft5. <0 0 0 1 >i*SKLT^S 
l^fc^^o 3 &^MBOi)ittA^&tSA^ffi«tt>-r^ 

[0 2 2 2] A. £4£A<0«£ (»*W3) HttfeBft 
^««H#**8AT, «H(^SB» (Z, Y) Hfgfeffico 50 
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FS] A*£# K 0 l:#6T5 c 

[0 2 2 3] B . Wffl<7)#<eA«i:jieA^{i<Z)|ift4» 
*£ A R&ft -&<g« H MSitfe £ *tf| ri 
0lM£Affi£*SA:#&*<&'5 1 HK±<BttAtt*>63teS 
C£t>ft£ (18*54) o 

[0 2 2 4] GB»^RS*^fig«H^ Wffl<7)^ittA8B(h 

te<o o o i >ia)^st5*aoo 3 i**ifi]*«Aac 

*H5) . 

[0 2 2 5] BB«^tt*-&««H«)*A*fi*^ HfflO 
¥ttAfflttt<0 0 0 l>*|*ffl©ttA#ffi*«l 8 0° 
RttD, «tt*<KIEUfc*«SAffl«^6tt*»'&, *JS 
Tft£ 0 *jfc, ■e<0«-&<0PJ«*«*-&«*H»»|»A 
fit* <0 0 0 1>i*ftOlMI*tt#18 0 

° Att-pfc-«lK±a)ttAttr*^T'b,fci^ 

[0 2 2 6] *<0«-&ttlSAtt»K*at»tbTrt^T? 
(000 1) GaMi: (000-1) NBSfliJEKUkoT 
GaNttSe*(»ttW^(DT, [0 0 0 1] <h 
[0 0 0 - 1] IMilt^o 

[0 2 2 7] ffl«^R&m-&««H^, HH<0¥*Mlffi£: 
tt« mm L fc t» A^i ft fe ^ 1 ffl fit ± co A&*> 6 36c * 

(IS*Ji i 4) o 
[0228] BRM^KA^fittH^ mmo>m^&Uh 

[0 2 2 9] mffi£M£^«ttH#t, «fflco*LJ6SABKi: 
9) o 

[0 2 3 0] C. fflH<Z)fli»A«B<fcj|8A*tt*«ra-T& 
S«^EB»^BB*^««H^ HH<Oi|ittAV^ttA^ 
a^R-T*S¥fSSt$)S^ AH(7)W«fA{K<h(as 

[0 2 3 1 ] BD«^ie««««H«t. ni^tSAS^ 

a * ft *« pi — 7? $> £ ¥ $s a Tf ft 5 ofi* mm<D m s a 

ttt««^RB*^ft-C , ftW6nTt>« > »-&t)»S (IS* 
51 1) • 

[0 2 3 2] [Bfl«^ie«$«H«HonffiW^] Eflfll 

^te*^«*HortfflKtt«F»cisA*:RB*«*u. 

0)M^^, iffiJR*BB3W»j*an5^i:t)*-5. *HLt?ft 
S IS Att» K *«H« *: HS , $tt K iffi ft T ft 5 £ £ 

^Cliifeft^)., 

[0 2 3 3] *a^<OEB«*:RS^fiB«H«. «H<7>¥ 

fni^M (z, y) tiz^comRffiiz&^TmRxm-c 

tt ffl e» n , WfiBttlBA^BBftdtriaAIR^t&oT^S 
(§S*5 12) . 

[0 2 3 4] *58B^(Z>EB«R^R6*-&««Htt, 
^BB(D^gAffi«.(Z> Y) ttt*©«»«fc*5^T« 

tt«B©**#rtt«i6h, Affa«lA>cnftdtrl6A 
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[0235] *mw<DmmxK&M&mwH(Dfcs\z<si£ 
m>mi 5) o 

£>MWH(DmmZl /im-2 0 0 MmT&£ (»*3H 1 

[0 2 3 7] «««iiifc^^TBB«R*»*'&««H*«H 
7 0 /xmT&oT (»*Jgl 1 5) , HI8Lhtt2 0 um 10 

[0238] mmmm\z^x, mmxmm^mmn^ 
m>zmi 8) d£t>&£o 

[0 2 3.9] XtE*iffi«C*5^T> EHtt*:Kft««ttH#< 
HMT'&Z m>kmi9) 
[0 2 4 0] *«*Bfc43HT, BM£Bft««ttH«< 

[0 2 4 1] EBIB^RSai^««H^JK«, «<z>tew, a? 

[0 2 4 2] [(Ett*flE©»*] *»W<D«fc;tfU9A 
KB. 5 x l 0 6 c m- 2 HTttofc (1S>RJS 2 

1) o 

[0243] $6icaB^<^T»3>< mmwm&m 
E*rt<Bfi«7?«;. tnifc{&*ag<z>^>®^ i x i o 7 c 

m~ 2 -3 x l 0 7 cm~ 2 0««)&tBS$ns:i^ 

<Ett«*<0ft^l 0 5 cm- 2 #lSHTOl*tfft6 
n^>o ftl^^5TIJ5 X10 4 cm" 2 ODMi^&JL^ 

[0 2 4 4] ¥«tefi*flEtta«^B8»^««HA^6« 

it^ia # o tist" § £ ffir&i^m s n-s (is 

a » S ± t tt ft < , Hfrz comic 0) a if <£> |g £ M 

[0 2 4 5] dtlfttettttfttt, (TE 40 

M) , #y~- F;i^*-fe>;* (CD , x^^bT^Ufi 
K (EPD) »l^&<SlC«fcoT»ffl-rsili:^TfrS. 

[0 2 4 6] [SK^^rfi] *««m::<k*teffi«i*<D«!i 

(0 0 0 1) ffiT&r), rt^Cij£^K£T&J;?J;:« 

r)tzLrzm^izmm^m{m&m^mm\zmn^ cm 

teCBJ (0 0 0 1) 

CO 2 4 7] [KffiO)5i«^|6l] *&W<D&m&&it% 50 
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£\ letter -try hiffi^S^Stfy ht»*<»iS 

u e<a ne7h 4 1 <t> k tsfr r> t c m \zw-ff \z& mt z> & 

#'frfPffl (Centripetal Function) &$>Z> 0 *r<D*X~ 
X A \z J: o T ftft £ * i? (D BHfJi^ ft « H left + $ 

<D^mtcmwifx*mmxKm^mm^zm^^L^ 

(Centripetal Distribution) £T£ (Hf3f?JS 2 

8) o 

[0 2 4 8] [ffl»Xlffim^fi«H<056fi*|Sl] *5S9i 
^WSiltfl U '^Alffi^, c III! 

# fa T * S * ffi ftfc HB jR^ ft « H »tS A gBT c «i 
:£ftl;:fi<#tfT#&T£ (1S>R^2 9) o 

Zt2>&t>-C$>Z>o fe>e¥i^G a NSS^OSI^ (0 
001) 9 (Ctgj) -eab^i:^, EBIB^:«8*'&«*H« 

[0 2 4 9] *5i£9i©tgSfiK*«*iiatC7r-fe!y hgu^ 

^^IT^^J®^, ^^VTT^fc^lSjtt^Bffi^ (0 0 
0 1) jS«r«ffijtTSS{fc^U^^aiffiT*S (§S*W 

31) o bt>zhmmxmm&mwH&&mgkftbZi:2> 

^«*H**«IH<Z)*jKa««tc«^|6ltCl 8 0- Mfe 
LTV^l^CH ^-(DSK^^c^^ (0 0 0 - 1) iSL 
"r&fc*Ga]i5t^S (I»*lg2 5, IS^r/4 2 6) . * 

^Tgi^4i;> ^ : ffg;<^:^ (^^Jp|2 7) . :n 
[0 2 5 0] [B8«^l!fiSI&««HO/t^->] fctffc 
[0 2 5 1] «0^GaNfffli aiBfcSaLK#« 

its n pa «« z t * (Dftm iz %> 
t » s ^ {ftteft *««Yt*^ftsi*a«»&- 

&mZMlsrzb<Db&%W<DG aNSS (IS^3 2) 

[0 2 5 2] -*7cW^^fiIEL<SB^IT^/\ 0 ^->« 
4 0*^, 0 7. 6 1hIM^ (18) , 4|UM^ (13 

9) , ^7. 2[»1>C« (110) , X. 3»»0 4^ 
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[0253] [7. -mmn?-y ms. nmmz 
3, 3 4, 35) ] mmKmm&ffi®Ht^<Dmmv>%. 

£ L T /n 03* ft , o * 0 IffiSK » * SS46 fclEHft ^ 

tfc^o c:ntt»ai?Bia5i|-p*«) (iS*ii(3 3) . tfy 

2rifi]*«< l-io 0>;£fa<h&£<£5 J;:t£3 (IBjRig 
34;08(b)).fc?y hit^ftd^TSttf^ta 

hftj£<T?££. G a NaftHHttMiffl (1-100) 
T*S^f&I»C-rs<h< 11-2 0>T&£ o < 1 1 - 
2 0>*|fiIt«IKUfct*, tf y bODItSftd tt-S 

mmxi&itktrffimH<Dr$m\z. h-3 1 ^ 2 dt^ 

[0 2 5 5] IE = ft^(7)jZ2(D^f63'Z>SOSSe-/^p(7> 
1 l - 2 0>;^<h&S«fc3J;:Ti*5 (IB^JH 
35;|8 (a)) c tf y ^te p = d T'J»5. 55 BH « 
11-2 0>Jp^i(;Wl/:) <h#0ffi«£tt«£»«ifK 

d <tft5 0 L*^L?SBBiffifcBl[2gt"**IftI«>< D^^bh: 
-/^qft*£<T#£ 0 q = 3' / 2 dT*&£ 0 
[0 2 5 6] H, Z, Y<DffimM&tm-?Z>o VISJHK 
KiiRiff Z <h ¥»S(B;Kte^««c Y G> Jt &A° ^ - > 

Z <hH<D*N£<£>Jtft I <!:t§ (£>1) 

[0 2 5 7] Z:H={ 2 -1 : 1 
Y : (H+Z) = 2 X 3 1 ' 2 - tc : tc = 1 : 1 0 
[0 2 5 8] T£>£ e *»affiteffi^««Y^«fe»5< 

* £ /t * - >t ft £ o AfifEtt&Wtt y tt c WpJc-fi 

[0 2 5 9] [-f. ISIlEl*fft/t^-> (09, I?f*rpi3 
6, 3 7, 3 8) ] BB«*:te*^««Ht^O«ffl<Z)* 
» AiBJEttlSfiftfKtt Z , Y ch ^ e> &S»*a»ft: ft — # 
{£ £ L TB3ia»ft O * 0 R JRE < * IS #> fzlEJjJ&<DW 

£ (»*JB 36) fl 

[0 2 6 0] iT#^OS<D^|*]^< i~io 0>^(^]i: 
f^J:^i:tt^ (IS*Jg3 7;S9 (a)). t?yh 
H^ftd tr^^«p = dTft-Sp IS&ilL 

«i i-2o>*fli:«iiBLftt#) <Dmmxmm& 
mtitHtommham* (h = d) . ^trt^-r^fa 
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WHOjgUfcfy^at)!*^ (q = d) o 

[0 2 6 1 ] JE-fiB<D*t fam<D-)5\p\tf< 1 - 1 0 0 >T) 
|6]<h&£ &o\ZTtZ> (%mm 3 8 ; m 9 (b) ) . tf 

t« «i i -2 o^rfiiiwWKUfc^fr) 
*-&«ttH<DWl«httj2;i> (h = 2 1 ' 2 d) o 5SBH<!: 
S32"r^*ffilO»DiIUtf-/5 1 q fej£^^ (q= 2 1 ' 2 
d) o 

[0 2 6 2 ] IK Z, Y©W®«ftJt«-r*. 
70 [026 ! 3]Z:H=£ 2 -1:1 

Y: (H+Z)=4-tc:tc=1:3. 66 
[0 2 6 4] t?*« (£ teZ <hHCD^&<&Jt> o l^ttA 

etefi* «ttt y ± o je < u * o mmx mm^mm h o 

fffl m fe £ * 0 IE * » 5 1 *y "7° co 5^ A : -f X ft fls S "t & <D \Z'M 

[0265] [v. -ihi«^/n o ^-> (hi o, mnm 
39, 4 0, 41) ] mmxmm^mmHt^cDfmw 

t LT— EI**ft i:^ * 0 RIR < 5»#sg46feS^B<?) 

^ im t - eh « ^ $m m & m m h ^ < ^> <t 3 1 1 sh w l fc t <o t? 

(B*S3 9) o fi^cDfifflihSiacDtbft C <Lf 

S (C>D o 

[0266] **«(Dja'ia<o*ifi]*t< 11-20 >^j(ti] 

ta:SJ;5JC"t?*S (H»*31"4 1 ; H 1 0 (a) ) . If 

^ hiss ft d fr*tfija*rfiiofcf 7rap = dt, « 

2 0>*|^fc«JKLfct#) <OEB«^RS«^««H^IW 
HhtiKD (h = d) o »BBtit3?-rs*|Bj(Z)|*0igU 
tr-y^qttjEt^ (q = C d) . 
50 [0 2 6 7] fi^^^3acQA"l^^< 1-100 >A^a 
£&*<fc'5K:-?£S (IS5RJ14 0:010 (b) ) . tf 
-/ hifigftd <ht*^i:M?Z2^7ffn<7)hf^5 1 ^p = dT, ft 
i3^(filOtf d-e&£o 5¥Bab^c<h^ « 1 1 -- 

2 o>^rS]tcy}8ffLfe<h#) (DfflffiXMM&mmHom 

HhttJCV^ (h = Cd) o WIMtiftX-rs^lfilwllOjli 
Ufcfy^QttSlEU (q = d) „ H, Z, Y(OBrjS«ftJ:t 

[0 2 6 8] Z : 2 - 1 : 1 

Y: (H+Z) =4C-7c:7r==l+4. 66 (C ~ 
1 ) : 3 . 6 6 

[0 2 6 9] T»5 (ettZ<tHO^ft<OJt) o 

ftKii*«Y^$ sfcct ois< a*. mmKum&m 
-r x ft fen?- s (7) sTiio fc <h a ^>o 

[0 2 7 0] [X. HHI»ft/t^->] r^lM^Pfim^tl 

fej$ h t © h h © * «<ett a » z , y ^ e & 

S S * miitt^ ft — ¥f£ i b T = H*frft t * o hi* < *>c 

5^ o^t^a^^^Lfc^oT'Sffi^i-e^s. 
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[0 2 7 1] lE/N^^OiZlCO^I^O^O^Stf v^v<D 
-Jj{tn&< 1-10 0>#ft£ft3cfc5tC-e#<3,, lE/vft 
B<Dm(D^fa^&Qmm¥y^v<Djjfarf< 11-20 

[0 2 7 2] h, z, Yommm^imr^o «»afi 

Zd:H©*i0lt«:{i:tS <€>1) 

[0 2 7 3] Z : H=S 2 - 1 : 1 10 
Y: (H+Z) =3X 3 l ' 2 - n : k=1 : 1. 5 
[0 2 7 4] T&£o **ga(Ste&*«*Y^/A</<j:S 

[0 2 7 5] [niii^ie*«iH4tH<onNR] -^mm^ 

ffiES^L 5 0 /x m~ 2 0 0 0 u mT*$>Z> (ffilftm 4 

[0277] cm-jjfo<Dtta*tfz&<Dm&* mmxmm& 

(II3M4 4) . 

[0 2 7 8] a±lCRWUfc*«Sa*<b*U'>^*«S: 

[0 2 7 9] ftflS*U^AOtfE**j*lcO^Ttt, 
tCl^^H Lfc cfc O \Z, HVPE, MOCVDfi, MBE 

^te^ffi v^Tt)Hffi-r^> z. 

[0 2 8 0] 

[»1M1 (ity'r-r-V-SS, Hill)]*: 

^>o saigas i nc^Lfco Tiai<hiTt7 7 

^tCIS«5 lSftfflLft, 011 (1) 40 
ira*R5 lM^LTl^o 1f7 7'ftttH*fi* (Tr 
igonal symmetry) G aNliAjS*i:Kt 

[ 0 2 8 1 ] 1t^7<i'StR 5 1 CfftMOCVDffi 
(tMlCVDffi) Cctot, fSfi2um(0GaN 
Xtf@5 2fcK**&. «Blife^6GaN©CII:ft 

•So 

[0282] GaNXlfi5 2<D±M\Z, JP£ lOOn 
m<DS i O2 «S£-«l;:fi)clltSbfc. :niJi5 3&MM 50 
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IEL<GaNXfc?fl5 2 <D±tCg£)£t~ * fz&<D t><£T£> 
£<> 7* h 'J 7^77^ ^J:oT^fMC0ffl/15 7 ~> 5 3 

< 1 1 - 2 0> (a#fa) i:^Scfc'5tC< *fc<»€Ti6 

5 3 ^Sl^n^(D3»^^b^^->T^^o 
R^SB^fflS 3 IEHft^0!)iafflttBI8, lEl 9 IZ 

^£ot£^mttfomm -etlteCffi±COG a 

(3) CtkTo 

[0283] m^p - >\ttm*\mT:$>z>&* nw*mft 

COm%£.. R ^ <D fc? y ^ £ 7 £\ 1 2 it Ac >k (O 4 % 1 m <D / 

fl28B<&it&<h, H«»©fc!^ (lEH^^iZiS) te&O) 

[0 2 8 4] /^->A R^BKS 5 0Mm;IEHft 
ff^fi 4 0 0 Aim 

/1*->B R^3KtI2 0 0 /zm ; IEHA»22* 4 0 
0/im 

/1*->C N^SSS 2 um ; iEHft^fflfi 2 
0 /x m 

A'^->D nfffil3 0 0 um ; iE = ft»ffl«2 0 0 
0 um 

[0285] -en-?noDffl/i^->A, b, c, D&t> 

[0 2 8 6] (1) -tf>7 P ^A, 1t>7 P ;UB<Z)^S 

TttHVPESM^c a if fi (O K )fi JP »4 ft SK «C G 
a ^ ^ )l & mm L^iJ7#-h LT» ^ ti, M 

±tca£ffi^iSM-r^o ccth it>y;i/A<hit>y;i/ 

[0 2 8 7] fc!fctF<D±.JjfrZ>7kmJJX (H 2 ) chlfifk 
7Kf^ (HC1) ^fX^Ga/K-h^^-r^ct^tr^^ 
7>^^.T^fX (NH 3 ) ch7K^^fX Sritir^ 

[0 2 8 8] ^Mi^lTti, RJS^^'mtbTGa^ 
- htt8 0 0X:&s±{zmmLfZo vyy^-Y&mzi 0 
5 CCCailULfc. Ga<hHC ITGaC 1 ^fjjc^tl 

^> 0 Gac i&Tm^TmmmzmDT>^~7iJx 

£Kfo-?Z> 0 SM^t»§GaN^ GaNxe^ 
[0 2 8 9] Xtf^O^fi^ft^^iiOT^^o 

jESftfiK 10 sot: 

NHa ^JEE 0. 3a tm (3 0kPa) 

H C 1 ftEL 0 . 0 2 a t ni ( 2 k P a ) 
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[ 0 2 9 0] ZL<Dj&m<D%%9k, A°^->A, /^->B 
<D±lZs 1 2 0 0 iimm&<DG a NX hf M & *> o felt > 

y%A, it>^BW#enfc. mil (4) 

[ 0 2 9 1 ] [it>^;UA<^ia^ (S EM, TEM, C 

tt, WL 1 2ftmC07 7'ty bW\5 6frt>t£2>\±y h£- 
Illtltl^o Vy^Lv hjffiS 6a*&&<Sfc?y Mil 
«±fc»HiJiE L < EJilLTl^^ £: AtBftttH*^ «t o 

[0292] if y \-<Dmm<DMMm*®#)CD^7,2 m 

tefflS 3 <7)it±^t! h*^5 9 fdt^oZ. tT^^ 0 
tfy h*<i>5 9^IEH^^^Ij[^fS^fe/N 0 ^->(7)M^ 
tr:4fe^Jz5^^^>o ^(DIEHft^tt— 53*^4 0 0 /imT 

[0293] i±>^A^aiiii^Jin^if v bammt 

^->53 (Si0 2 ) (D±\Z\±y h^RSdtttlfigfib 

httSl^3l$MbTl^* ! b»^S« 
[0 2 9 4] < *^<»^8S*fe»0 5gLjEH^^OlM 

t^:tm@n (4) izte^x. ms 3<D±\Z 
rnvrnxwy h&wtE*tz>o m^omt^v hcojgs 9 

0M?Mft£flM5 5<BJSffl<0SMM8 6 OtflSAttftiktt 
&) o Klgbfy h^af^@^«5pffigK5 7^ffit5o 
«#B¥«L«# (CM) 5 7l»fiI*6n»t:7hS 

[0295] a««:ia**«fc3^jf«artaK<htf-/ hcora 

±f3j*fiLfcBB»^EBifl^RB*'&m«5 Stfcfy hj£5 

h<DJS5 9^H*B^RB«^fiR«5 5 i&DriSftrttfif 

5,85 3 (S i O2 ) ttGaN7?a^6jSft*I< 
ft O^Ofca&Ke: hODJg- 5 9 {Zft5(DT?*5. 

tfy h«^RB^*^*^e>^-fi^afefTt-^OT, ScfiCD 

5 5i:a§a)T»5, 0*t)J«Sl3^MOtr-/ hj£5 9 
EB«*Ra*-&««5 5 « 5 339«±Tfc— © 

[ 0 2 9 6] ££{e:tfy hO*g*4M^HTtwj«;fiL/cffl5 
^^W«AIE4EffiH[#fH«5 4 (Z) Cg^t^o ^0 
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mft Z tt i|i $g A ic ftoti^. ±T3f (cffij^ Bfl - -«£ 
Afieffitt#««Z 5 4-t?y h«ltI5 6 fctr^JtJS 
tfu/ h£ tr>> ho*€fB(rf«/iMc:5p*a«5 7# 

as. w-mw 5 7 o)ittT^*«a«iEffi*«« 5 s tft 
[0297] Haa«i»i:j:nn 1 2»©e 7 h 

W<OI*m<B«#<0¥:fi« 5 7 \$±TmmW<0 (0 0 0 

I) « (11-22) I, {1-10 1} i^ta 
oTi^Co $ ^>tre>> hGDJKfrte^^ftffio^^T-fe 

{1-10 0} SWBffiTRHLfc. f?^® testis 

II ( S EM) <b#y- FJl^*-fe>* (CD HctoT 

[0 2 9 8] d<Z)KK©«*b!y hl£ 5 9<Z)T^«, £> 

^Tnt^a> h^x hfcftofc. £<DfB#tt^ak:fl!i<z> 

«#<!:K9i-e*fc. zz\zmm<Dffift'vmm-tz>z.£\z 

ctoL COM ?T« & C M^MS ft = *7cW (3 
[0 2 9 9] 2 ZlzEy br&5 9\zm<mk(D%m$:C 

l (^y— h;u^^ir>x) £tem (i!SiH«^8a* 

^ «) JCtoT-fcDIMIIIKl^ttbfc. 

8«o«JH»6 0l:J:oTl*nfc«» (EB«*RS*^ 
»«) tt»*<<Z)IEtt*«#ffib*:. I6tt«*7f 1 0 8 - 
10 9 cm- 2 fe<Z)i«S<6fi:*«T*ofc. $6l:«^» 

[0 3 0 0] ^#^6 0 .(KrACKflLK) tc<koTH*n 
5g|5^5 5HSM^T^^^t)^^; (C 

n^s^wjc-rs) o *sAfiE«(Z)^7i^jc#rjfs=*7c 

««Ht»-KCi:fc:b& (H = K + S) . Eflffl*N»R£» 
[0 3 0 1 ] fflfll^NS^IRVHBI 11 ( 3 ) Offi 5 3 

50 w?2>m&»jffiT*$>z> 0 £<omm'^m&&&^mm*:m 
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[0302] B&mmxmM&m®H<Dftm\zmc£. 
\z, fc&mmzm®TmK ^^vm^m^mz^itm 

SC^oT^D, m.m%<nmi!i<-T:\Z. 10 6 ~10 7 
cm- 2 <DtyM}K<Dfc&mm<DffiftJ)iWtETZ>o L&L 

m r t* a > e> m n § i 1 l tz a * ^ t e & * a n w *j> u x «> 

<o 1 0 0 /xmSfKfcfSBnst, (6tt**tt 

i o 4 - l o 5 cm- 2 i:fefiTLT^5. *Brl:io 
Xtt«imoia< Xfcfift&Jgtt 1 0 4 - 1 0 5 cm 

- 2 x&sgB#*>&So m.m%<nfti$x*tez:<D£v\z¥ 

V h©*4>5 9^6fflltlS{Cfil(:oXiKfe*lS^T^oX 
^i/u£^CtUic¥fTXab^> 0 CICTOTSotL^ 

&s 0 L^t>ffl»^Bs*^««^«o(Efia5aett«j«)^ 
3ftt)S5^^ jass £ ^ t> {z&Mmmm& < & ^ xak z 
t.tfit>&2>. ^^^mnm^vmz^^xmmcowm^m 
m^imr^tmmm^m^\zm^Lx^'DT^^^ 

£tfit>fr*o L * t> ##MR# SB BWIS A X ft S £ £ ^ to 

[0304] ^D^D^n^<Dmm^^v^oz.t^m 

enx, ^#*&ic#^2nso ^cD^d6(-^ggxcotefi 
» tt ^ b $ e> k iK m tfi ft sb <o k s tc s x a -5 o ^ne.(g 

[0 3 0 5] «#»<Z)naB<i:^-pXt>«J|lXft^^e», 

i^o L^b«^«g^SB < hi>oXt)Z:c)<7)KS'JX^^M^ 
fcfu/ h<Z)*R,f4i£5 6*sijgLfc»»5 4 

ilTS&OX&So hS»5 4«y 

[-0 3 0 6] ¥fi&«»5 7 (CHfc¥fT&«BJ«#> 

««XftS« ^n^^rir^ hMa*a«Lfcg&#X&^ 

So 77t7 MSPJ^l 2#Jf2£rLX-hM*fitfXltf>< 
L,Xt>^<^6B^^^ 0 |g*<DIE = AJgfc:<fc 
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\Z£<oT*£ffi$:mo Z. tfcT* So 
[0 3 0 7] L^LIE 1 2ft»^>R^^cfcoX«¥flSl'* 

SK5 7<PTG>5 8^^S^ttO(KteflCX*t)#«S^X 

*.sc<h^to^^fc. ^r-fe^y hco^«8Jc:abS(^xiic 

^<om»\t. fflmKmM&mm*mmm\zfttE?z>\zm 
^tii»>t^, 0 <z> x % & £ <z> & *s ms te & m 

ftS.-Sf^iiXftSo 
[0 3 0 8]^*04GaNOSITH K»^RB«-& 

[0 3 0 9] T = H+Z+Y, 
H=S +K 

^ [0 3 10] d^ ^Tffl»&3e«ELTJie«<3!)K»J*L, 
/to uni:J;oT*a«<Z)G a N«fi©J»ig*U 0«« 

[0 3 11] SSfc£©H«*»*£»*H£, bT^h 

rtco^rir^ hiM5 6 <Dm^zz>^xmm\z^mvrzo 

ZL<D\dy NSMt577t7 HU (11-22) 

uh. ii-ioi} i^iaii^^T^o, t:^ h ©us 

5 9 \Z\ZZ.tl<b<Dyy±y hI56 (C^LX^^^/^CO 
»^7 7t^ hM5 9WfaiTl^ 0 ^(OCiMC 
feiili^Xl^So a^77t:y M5 9 ttW^ ? chl^a C 

[0 3 12] IffldfcCD^^, J;Ofl^^CJ;D!»jcl 

**&$n^«»*«Ka^Bift^««H safest ^5* 

©*»"C*S»fltl|^K (6 0) X&So it>y^A(7^ 

[0 3 13] $ etr^fg^ai^T-fe^ hHu 5 9\Z, tT 

So ^KO^^^Tir^ hiBtt*^»Xttc*li*^K<D 
tfT&S {CJ^So W*flf1i-XEHia^R6m*&m«Hi:^: 
So «SO«»*«(gtt(Sfl[3WjfiHri. ^Tir>^ hM {1 1 
"2 2} I, {1-10 1} MtCcfcoXtf ^ h**Kl» 

So n t3 o x s sb teffi co m«g a m 
mz. #jBa«effi*««Yt}S:So 

[0 3 1 4] *58«tt«l:77t7 hft«»L&3W6fiE 
5(7 hC0J£t3:^tfifil^, L/^t>^PiS^^^&^K^ilxm^i±S 
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[0 3 15] [th>7°;i/B(D|H^ (S EM, TEM, C 
L) ] 1t>yjUB^O^Tt>S EM, TEM, CLiCj; 

U^>^;PBTttBB«>:BB*^««H(0^:€r$*U 8 0 
u m o fee -9" > A T »HIR^RSft ^(HKtt 

[0 3 1 6] *6fcU->^B(0H«^BSft^'««HS 

*:RS*-&«a*H<Di*jSBtr*5V^T, 8fto^<&*gA;fr{4tf>S 
* ^ i: fe t) *^ o fc. tS« <om 

[0317] w>zf)VA. v>-7)Vb<dik\tj v>'7 

T, ¥«ft«ffl*ttSG a N1S t U&. fi8H> 
^gffiO^:€r$(Z)G a NSS»6tlfCo mil (5) 

^'tffl^lSTttBBia^lte^^H (5 5) (3, 77-t 
^hl^TM^fiHiittMZ (5 4) fc, ¥S 
8 (CIS) (Z)lBT«»tt*l(lflfilEttA««Y (5 8) ^ 
l:6oT^5. »aaWSS6 0S:^S. mi 1 
(5) ttrrffiH/£^6B:9IUT»^TV^^ «IT* 

[0318] COG a N2£«te, (0 0 0 1) 

Ii^3>h7^h(!:lTigT*t§, GaN©/OF 
SBfcifi^jftftO) 3 6 0 nmCD^TC LglfgT£ch, ISRM 
^R&jfe€r«B«^4 0 0 /zmlf ^T*aMEb<afc/uT?l^ 40 

[0 3 19] *fcEB»^l«*^««H«i«^r3>h^X 

[0 3 2 0] U>l77ty h<Dtf^ h!5 6 fc«^T 50 
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[0321] 5 7 oTo*«afls«eta:A««Ytt 
wtz>z.titfx$z> 0 

[0 3 2 2] EB»*CRB*^««Httc«l*|fi)H#^T^ 

[0 3 2 3] ¥*H&Sfi^K:&oTV>&;^£, RilK 
[0 3 2 4] C L«THSiet««l^(i: LTSS$ 

h o f*i a k wii^ft tiTM ^ o &. mm 

fcfflST*. EBI»*BB*-&<««HttCLT I bi«^EBdh» 

(*im» ; jsajksk) xwrnizmnztiZo 
[0325] mmxmm£imm-m'V>7')i>A~T:\z4 o 

Mmgg (8U5 0/imSg) Tfl2:Rl4ftgK ^JtffiJT 
^ofeo BB«*tt*^«Wl»4*>^;UBT»41 8 0 /zm 
iES (i«2 0 0 /im) A^&^fe^^T 

$»ofeo *^>y;uA, BoinuiEBa^RB^fis^ia 
sifentT*^o firtnM (s io 2 ) co^c^^tc 

[ 0 3 2 6] +h>^A, -y->^;i/BtfeirEH«^RB« 

zmn*iz\stt&^xm&&m\*to&'?z>. mm\z^ 

^®«Y^*3l^T¥-^OteE2EJg«5 x 1 0 6 cm- 2 

mmx J4 c m »c -¥ if tr n x h ic ^ vt 

«H^KJR«*$nsOT-?-ofl!iO«« ( ¥ s a IS it 
[ 0 3 2 7] it>^;UA, B©GaNMSKOH*i8 
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mz&^xm&&±ifxiLv^>i?isfz 0 ^>^)VB\Z 

&n\z< fflmxmM&mmzteJLyT->tf2nm^ 

£tmm-l\$, GaiST$>3 (0 0 0 1) ffitctfX\$U< 

t (x.y^><yzn\z< to , n mm) mx$>& <o 

0 0 - 1) W£te?X^Z>t$ft*bibZ>, i^^Cit* 

Hi (o ooi) fflDtf^0Tx«/5 1 >y$nic< <, EflfS 

*H*d«*tt— «att3^KteUT4SOS8*iB (0 0 0 
- 1) ^HJTl^/j^KOH^^oTX^fy^^nii 

<7) hmk mm h <dbk^^x ^ > y $ ni/, 
«t hii^^th hi <o mmama t \ma& 

&ifi<0 0 0 l>Jf\imz 1 8 0° %«LfcWIHIft>&tt 
A4B«#* G a (Si £ (0 fr^j L , mMX ««H 

0 0 0 l>^l6]tC 18 0° m&l,T^Z>tfmfk<Dffimk 
!6Xft> 6 , it > y°)iA(D^^mm 131*5 * BiMKNyft 

f r h a -r & <o/h $^77t7h ©sh ra» 

tt, {11-2-4}, {11-2-5}, {11-2 
-6}, {1-10-2}, {1-10-3}, { 1 - 

1 0-4} T&£<h#;L£tl£o 

[0 3 2 8] it>^A (ffif£5 0 am) , -»j->7>B 
0US2 0 0 Mm) ©GaN**tta5*W&tt»fi*a 

£Tf&£ (4 0 ^nich 1 8 0 u m) . ^ntti (S i O 

£ x ^ § *r «■ mm \z m m t & it «> k t * , tE tt <d * v > a 
if i & m m & m m h £ / j n $ < t & <£> ^ • . -t l t m a 

[0 3 2 9] L^btt*«&**0fcBB«*»S*-&««H 

[0 3 3 0] [it>>^^C (112/im, fcfy^O/* 
m) 0QJ#^j 2 2 0 umiZlcDIEHft^COTM 

jftJC^ffi ^ii/cit >yjUC ICOI^TG a NSSSSffo 
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i&<DV>7)VA* B £ fflU \Z H V P E ffi TT/jJc & $ *t*<fc 5 
tit T£<h 2 tfmiOl (S i O2 ) ^It^Tl 
*l^T"fey h^fi^itTt)> 7 7 "fey 58 

[0 3 3 1] f^THVPEffi^TMOC VDfiC 

(sio 2 ) tf y h*a:s±*«6-e- 

Z>fz*bXfo2>o 

[0 3 3 2] MOCVDffliilGa^ttf, Ga£ 
(TMG ; 33K^fX) <h7>^7^iX (NH 3 ; 

5mxx) t/kmfsx (H2 ;^^'j^^/x) ^rin^ 

[0 3 3 3] JK^^<7)^-fey^^^>^l/C^S^T 1 

0 3 Oilcan** U )S^^$«'ET'3I : 5^fcb = 
20 1:2 0 0 0T«glTGaN(Z)|})cfi^ffo/: o fiKfiffi 

1 2 0 jumgflf^f^GaNB^JI^USui^ 
[0 3 3 4] CntCJ;oTffl5 3 &m.t Lfc¥y bik<D 

[0 3 3 5] it>yjUCtC*5^T««OB[S«2 /xm<h 

«»T/ha^^ \zy bmzxgtzmm'Amm&mm-i 
30 ib^ft\z^nT'^£<Tmmzi amWMTfo-Dfco -o 

[0 3 3 6] tfy h^RffB5 6C9T(c:i8«BLT#JfSS 

/h $ ^ n <t & & 0 TEMiiiaot^c 

5 7 \zM^xmmimm&^mmY h^±Ltio 

<E it T Hi A T & o o ^<^i:^rfJ;i[W>7> 

t Ihj 1; ih ■ tj- <d ffl »^ Mtt H©»*s»-5» ^ 

[0 3 3 7] [Hr>^)UD mm 3 0 0 /zm, tf>y^2 
0 0 0 urn) o/Sfi] 3 0 0 /img(Dl^ 2 0 0 0 am 

v^JT*$>^) 0 MiiE^if>y;UA, B<h|nJ$HcHVP ErJk 
50 X^mtS^r^ HVPE^fi^fHi^I^T^^c 
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16 5 7 9 9 



[0 3 3 8] 



1 0 3 0t 

0. 3atm(3 0kPa) 

2 . 5X10 - 2 a tin (2 

3 0P5M 

£4. 3mm0Ga 



NH 3 

HC \»B 
[0 3 3 9] CKOJS-SKJcoT, 

tt, fflft©GaNl(D±HMLfcl (S i02 10 
9) 5 3<Dtt«tjEL<-*bfc. 

[0340] L*>utt*<s, try hi«nttffln^7!i^ 

feo IfyhOMIIilittOTSiTftS. 
[0 3 4 1] fflmXf&M&ffi®Hte2 0 0 0 wmtfy? 

0 0 0 /zmifSj£-C5£ 1 2 ftMgcDMM&TiMA 1 ^) t> <D t> ft o 

U^L 2 0 0 0 /xm^7f TBr^fiil:*5i:t) ^ 

fee ^i^^fttancsse^hog (tegteiEb 

t^flS) ^<] 2 0 0 /xm^Jffi"C/h^V^CDTS^fcp EHSH 

[0 3 4 2] l^lffliA^MI«^i<fnbt^ 
Tt>W«fiBK**a«^»«^«l«H<Z)»0^»4, * 

» a fitett &m®Y. mffemi&m&mwmw z $ 

n^<7)gB»<0¥i^^te{4^«5 x 1 0 6 cm- 2 

arcfc < TiStefitc^: 6 & <t £ 5 *> * o &. 

[0 3 4 3] it>7 p ;UA-DfCJ:^^tw e fcoT, SUA 

-3 0 0/im, r^iI^P(S*^M^<7)try5 1 ^2 O'/im- 
2 0 0 0 /zmt^aM^ *#K*Se9J<Z>»*£»* 

[0 3 4 4] [*JfiM 2 (G a A s , Si, V7r<1*r 
StS ; A°^->A, II (A+ELO) ;il 2) ] 40 

h®:m<o § mm u & . 

-f . (Ill) IGaAsSI 
n. CM (0 0 0 1 ) ^yy-(^mm 
A. (Ill) iSi StR 
[ 0 3 4 5] S i tt^t^V K«iS<7)S:*S5S-e* 
G a A s temm$&m%& (Zinc Blende) M<DiLlj 
^T&£o G a NI^MlT^^o ^r(DCm\t3^\ 

(1 1 1) B5<DS«S:ffl^S. 1t7T-1'^ttH*a?RT 50 



5 k P a ) 



ooi) *h-Dm$m**mm£?z>o 

[0346] 0 12 (1) - (3) \ZG a NWSS^fi 
SrHlTKUfCo 1t>7 p ;i/A-DH|iaSffi(7)±tC2 umJS 
MGaNl^im^VX^ (Si0 2 ) tt&HVt 
Ti5 3£^jS;Lfc7^ *Jfiff]2Ttt«3»*^il«*t» 
Tifi»tR5 1 (0ll:TX^tf*omi5 3 ZMfo-t 
Z>o it*gRSStR5 1 t~0. 1 /imf^OS i0 2 i^ 

A°^-><7)ffl5 3 *»JBSUfc. 
[0 3 4 7] ^J£^J2Tffl^e>tl^ffl5 3 OKR/S^ — 
>ttAt/1?->H^T*5c /I* — >Att5Mfi0« 
ltRDt^^ /t^->Htty^->ACELO (^ 

[ 0 3 4 8] (A^ — >A) ^JfiCT 1 <Dt\9 — >A 
(5 0/imIg, 4 0 0/imk 6 7f) i:|nI+i<Z)BBS<h-r 
5o 3ZI4 0 0 ^m<OjEHft*<0*-&*fflfiL* 

OBL&KieS 5 0 /im0H»»Wt&feOT»^o £ 

nu^na^^i (*ei9 :B6 (a) ) 

[0 3 4 9] (A^ — >H) /t^ — >A (5 0 /zmiS 
4 0 0/imt?7f) (hELOVX^^llUc/W 
^JyH^X^tn. A°3?->A(hV^tf>te, — >2 
4 0 0 Mm(DiEH^^(7)»^^S^b^<DM^iCia^5 

Owm^RM^S^fcfeot^^o cft\*mnUv>Jj 

tt^Uft (^&Sl 9) HELO (Epitaxial Lateral 
Overgrowth) ^Xi? SrfattS. ELOVX^tlTtti: 

Ts^mn^mt^^ou^^-y^^^o m^\tz z. 

TH:— 22**4 /im(DIE = ft^*< *&<»£iS«>fc^* 
->(7)IE = ft^©]l^^IgS2 /im© K>y htt©|«P« 
(&) SElLftfcOTftS. S*<h&*IEHft«<B-- 
23^, A^->AC0IEHft^C0--ja^^]i: 5 Ff-?{3^^ 
.t^ClT^S. 0 12 (1) ^te&£D««H^e> 

[0 3 5 0] J|fflSS<^±^ia»fC^^^/^^->Sr* 

/ S 5> - > a <D m -& IE = ft (7) 322 O H Pi * & V "ft l*l <h ^ "5 
Z.t\z-?Z> 0 GaAsSWS&H S*^K1- 
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1 o £Lfco ^-y 7 ^mm<Dm^\t< 1-10 

Jl/te&co J: o ft fc COT & £ o 
[0 3 5 1] it>^E ; GaAsSfi (111) (Di 
fc|tttfc/^->A (5 0/imi8n», 4 0 0 /imt! 

it>y;i/F ; V? y-i^mn (oooi) (D±izmmz 

rt$->A (5 0Mmlg, 4 0 0 /xmtf^^) &@A° 

v>y)iG ;siss (in) (D±.\zm&\zn$-> 

^>^H ; GaAsS«(7)±lCil:}g^/^->H (/1 
^->A+ELO) Sr^Jcbfcfe^o 
[0 3 5 2] Ctl *b<DUm<?) ^ £#ttfclKj&teE] 1 

2 (i) \z^-? 0 mmw i chs^(7)^sflisffio±^G* 

0 . 2 a t m 
2 x 1 0" 3 
4 9 or: 
1 5# 
5 0 nm 



HC l^JEE 
J&K&flE 

[0 3 5 4] (2. GaNXhfg<Z)J5jcg) «a«*L& 



Kb^^ditW, ^->^)IE-H\z^)^xmmm 1 
fc 0 H V P E&tefii}fcfc<D±JjlZG a # — h^SU T 

^^-r-^o G a C 1 ^T*^«fnjjn^$n^StR*c:«« 
-r^a^ic4o^T7> : Er.T^f^L,TG a C 1 L<DR 

i0 GaNA'^TlSfiia^glfcMiStGaNXt: 
/I£JP< J#fi2-t±-£o GaNl:oW2aB0fiES*$ 

[ 0 3 5 3] (1. GaNA*7 7ri^I) G a A 
s, SiIfi?4^±l:GaN/^7 7l 

(2 0 k P a) 
a t m (2 0 0 P a) 



1 1PSIW 
fiUOOMtn (1 

30 



7> : E-7»E 
HC 1#HE 
JfeftflUE 

[0 3 5 5] ^WaCfiIW77 7Jf£, IfiTX 
^E^HfcfcKJPa-Wtl. 3mmtaWWG aNSS 

feJc, m$£ £ 4$ & <5f CO it ^ to ^ £ CO 7? & £ o 

[0356] 0 12 (2) KITrSBSr^To 4 0(D+h> 
^OUfhfe7 7t'; MS 5 6 *>e>&5fcfy 

13815 3 (Si0 2 ) tLTKiJfcT^^fiH^aL 

t^&. i drisiiji^awiEfia^jL/fcits4 

0 0 Mmcotfy h^I^l:SLTgIJ:|:#at§ 0 tf 
<y hH3S6 1 2 ft*T*0*^SI5tctt«fc Dftffi<75/h$l^ 

[0 3 5 7] ffi5 3<©±tl4BB«l*:»S*^«« (H) 5 

h ommm 5 6 ^T^**ss(g;teffiisfi^^ zt&o, 

CIWM5 7 <DT^»«flttKffiA«« ( Y) 5 8 



0 . 2 a t rn ( 2 0 k P a ) 
2. 5X10 - 2 atm (2500 Pa) 

1 o i or 



40 



50 



. 3 mm) 

[0 3 5 8] (WH'Jirax) it>yjUE-Htc5ffH»IAPX^ 
Lfco *-T»H*W»JLT, S«S5 1^§GaA 
SIS, S i mm. i^^T^ir»««r»*Ufc. 115 3 

^tc mm* 2-1 >^mm<D¥'M¥mmw<omwLfim*> 
nrz 0 mi 2 (3) tt-t<z>«»&*-r. cheastt* 

TG a N (0 0 0 1) ffi (C®) SSIttSS^lCDS 
ST»§. a«*ffi«C6 0*f»ttS:t)-DTlB«^ie«^ 
m&X (H) 5 5M^^, -tO+'tttWA^KftL 

mT&ofco ^tltefl/^ — > (5 0/imig, 40 0 
Si0 2 |5 3<7)±(CgBII^I%m^fiH^^fi-r^<h# 
[0 3 5 9] ^IS^^^^MteJcH<7)r^gi5T^fefi'* ; Ig« 



(36) 



69 



ffi&ffi* (Y) 5 8, *j&-S(£effilfflff««ZTtt«(g; * 
fiSJgch^oTt^Co l^n<7)-th>y;UTt>. 5X10 
6 cm" 2 ^TO{£**ftT*fcofco ctOIWCH 

+>->>0l/E (GaAsSS) ; 2 

+h>^J|/F (-th^-r^-IEtfi) ; 1 

it>y;UG (S i mm ; 3 

*jr>?)VH (GaAsIffi) ; 9 
[ 0 3 6 0] Tfe^fco l^mt>+»3S:fi<E«a[*flEfc:tt 

E, F, G(0*T*t><Efi:*JK*fi<t"*t)<0tt"y-7 7 70 
-ftM (F) Tf*S. O^TGaAsSffi (E) Atfi 
fiic«fl£*«<-rs. S iffiffi (G) fittEffifittOffsffift* 

[0 3 6 1] ^bl:ELO(Of-ffiW)!L/:-it>^H 
US t> ««5ffifb b X ^ *: it ©U- > ^ E £ 

fS] <h ir m \z «t s (Ett «») ^ « & m c a 
z. tfrwutz n^>o 

[0 3 6 2] P^SM^RSW&M^H^^fiB^^fflW 1 tm .20 

^ rf. -r s ^ & -to)tfia)*»«iStEttH[#«« z , m& 

[0 3 6 3] (Ht>^E<7)^Sia) *>>OUE (Ga 
A s ^ffi ; /\°^->A) l:o^T!W>yj^2Wi 

+ YTHiM<!:^oT^c bfr b+T>:/JUE<Z>fc5 

tywzmmxmm&i&mitffctEVfc^t^'o z\L&t) 
fritz, ^nttcLft^s^tc^oT^s, i*jb 

[0 3 6 4] (EHJM^RB*^M*Jc^^<1t>7 p ;i/E) * 
9 fc«<»©BIII^IB*dlli«H^<T7 7*y b\Z 40 

^^xm^^n^^m^^mt^mmzjK^^x^ 

Z. <D*)r> 7 )IE\Z&\,*T* m-Dfr<D\±y b\Z&^T 

tt, t° y h 5 9 ^ e>^ttir^ffi^r^-e^/to » 
hi (b) <Dw.i*\z6 om<Dfam&teTmwxm-v$> 



2003-1657 9 9 

is R ra R fa te ft mwmwz, * *s a<Eeffi*««Y(D¥ * j ^ 

x i 0 6 cm- 2 

x l 0 6 cm- 2 

x 1 0 (i cm" 2 

x 1 0 5 cm' 2 

[0 3 6 5] V>7)lE<D~^(D&o\ZfflffiXmmtiffi 
Tfetfy hcDE5"ltta«)E5l|&IE«»C(E^bTV^S. b 
[0 3 6 6] ^^OfitEfiGaNttftftff^-St-rs* 

Km&&fb3bz>h<DizT&\z\z* \*y hftm&mm&si 

% m « H ^ * js£ $ n S d — o <£> ^ # & ^ <h ^ : ) 

[0 3 6 7] [$»J3 (7X^0tI) ] Bf^ffi (1 
1 1) A s I* tt« G a A s aSSHRftTiSfit 

£ *> o CO 86 Z> tz 86 K -S- ffi lc Sft ^> *!S Bilco$i 
;l^->^f^$J*r^o (111) As-GaAsSKl: 
mmz, mZO. 15 umOS i 3 N4 J»IKft»j«Lfc 
(1) > ff$0. 2/im0P t»i&Mlfct><?) 
( J ) , m S 0 . 2Mm<0W}*l»*»ricLfc*>0> 
(K) , J92 0. 1/imCSiOj »R*»flcLfct)(?) 

[0 3 6 8] l/yXh^Ml7th , JV^77^(hX 

gifco i/^-xi s i n^ii^ ( i ) , p t mm 

(J) , W»|» (K) {rOl^Tti. ^IM^J 1 Tizli^fc/'N 
m^^CD/N 0 ^ — >A (i6 (a) ) tLL A°^ — >A 
tt. — ?23 4 0 0 MmCDIEHft^^glOjiL^^^^^c?) 
(OMjS^ 5 0 MmilSonf«*SBUcfeOT*2>. 
IEHft^<7)— 53 (tf^y^) »G aAs-|f^<l - 

[0 3 6 9] S i O2 ^Sffif3-3^T«P3lEl^»(7)/\ 0 

LH —ill 4 0 0 /zm<Z)IE^<D«0iiU^?>^St)(7) 
coTM^^5 0 /zmitSon^OfflS:ESbfclig(Hl*t»a) 
t)0T$>S. >Mte, 4 0 0 /imX6 0 0/im(?) 

S^7^cog60jgb^6^:^t)(OCDll^t3 5 0 ttmfe'&o) 



(37) 
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tttt 0 M LJE-JjM<D-m<D-JjfatfG a A s &tii<D< 1 - 

jgbS^^CD052lcr)^[pl^GaAsa«[<7)<l- 1 0> 
#fiK:¥fTl::fc5«fc5t::Lfc. 

[0370] 4mm<»Bm&xffi®mik'emmvtz 0 s 
i 3 n 4 mm (i) a^aft, p t »k <j> 

A. W*Ktt£liA. S iOa *RH*MT»oft. 

J, K, L, Mit^ 10 
[0 3 7 1] *>^H ;Si 3 N 4 Wgk<DJ\& — >A. 
£fi8M2J«UfcG aAsSI 

^>y;UJ ; P t Bm<D^?->A$:mi£Wmi<tcG a 
A s £tt 

it>^K ; WSR0/^->AS:E)SMlifcGaA 
s 

+h>yjl/L ; S i 0 2 »M(0/^->L^fi}t^L^* 
(Ay 7 7 IB ; HVPES) 



NH 3 

HC 1 »m 
KIP 



4 9 or 

0 . 2 a t m 
2X10- 
2 0# 
6 0 nm 



M2 0 0 3- 1 6 5 7 9 9 
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* G a A s S+S 
G a A s SIS 

[0372] cne»-y->y;us<fi-ttzwvPE 

HVPESI^WJ 1 , 2 £:fctt&fcC9<!:|pJDfcCDT& 
T35ica«SKli:fc-S-fe^^»-&. Gali8 0 0ta 

mzmmzn&o ±^f)^ymt\-ic i^^Ga*- 

h(Ci*€rf*WG a C l GaCl *»IUT 

StR©ia»{c:2»A$nSNH3 ( + 7K^) tEJSLTG 
a Ni^T* 5 *^ft*I«±l:lW LTG a NJB<h£ 

[0 3 7 3] MIi:Ay77«t«tr»<*ftS« 



( 2 0 k P a ) 



a t m (2 0 0 P a) 



[0 3 7 4] 



(xt^^ytiH^Mfr ; HVPES) 
1 0 3 Ot: 

0 . 2 5 a t in 
2. 5X10" 2 atm 

1 3nm 

1 8 0 0 um (±PJ£|) 



NH 3 #JE 
HC l#fl= 

KJP 

[0 3 7 5] Wl. 8mm©GaNfI^J|ibfc1t 

>7)W*mffi\z&&<D try h&i#oT^fc. -t^>^;u 

Tf^fc. ^£012 6 (b) l:^tJ;^:^oT^;o tf 
y^ttiKM 0 0 u mt'So T, tf y h©gfc*9 4 0 0// 
mT& 0 K» tf y h LTfc 0 -^C7c*«»B5i|t 

ftofco ftli.±te**66*J lco^>7 0 ;i-Ach±<|5]i;-T:$> 

fee 

[0 3 7 6] +>>y;UL, MC^^Tt)ll 2ft§|<7):7 
riiy brt>e>#:£t?y h^<£6n^tv^^TH 

btiLitio U->^MIJga4 0 0/zm, S216 0 0/.t 



(2 5 k P a) 
(2. 5 k P a) 



[0 3 7 7] -tJ-^^JPM-Ctt^^^-fijat^oTtfy 

b . if y hnn<7)i£i>ifflK#£-r* u&ttfliStetfc&K* 
fte-; b«±**0r*£«ji,£ftfc. l^l^k&^t 

h!7 b<h»tt±T»JSLT^fc. 
[0 3 7 8] 77ty bffl*>6&St! y h<Dm,0)Mik£ 

y h/stctf v bmmffi%m$'?z>7 r-ty hm&vhft 

•^>y°)V I —M^WfiilSnXLfeo ^^Oiffl^GaAs 

mm * wwmx \z & ~> xw\ o ss £ u -en^e sin £ w 

iMJjPXUT^+S^affitt^Ufeo ^cD&<hW£g»X£JS 
[0 3 7 9] ^neit>^H, J > K<Dgffite, Stiffl 

£ (0001) ®\ ^socitnsfit*^. s« 

50 jWftfliJIE L < M/uT^fc. 
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[ 0 3 8 0] ^n<0tf>T/JW;:43^T*>, BHM^Nift 

[0 3 8 1] EB»^B*dfi«H(D^«©#j|S«ftlEffi 
SEtt^-rnt) 5 X 1 0 6 cm- 2 ETFT&ofco ckOit: 

it>^;l/ 1 : 1 x 1 0 6 c m~ 2 

it>^;U J : 4 X 1 0 6 c m- 2 

h±>^JI/K : 2 X 1 0 6 cm" 2 

+Jry~f)V~L : 2 X 1 0 6 cm" 2 
)VM : 4 X 1 0 6 c m- 2 
[0 3 8 2] £V>5«fc'5&(Effi«KT?»oifc. it>^°;U 
K K, L, Ml3 43^Tte* Hfll^«S»ft««H<DttK 

H*>S&*t! hOTJf^X^ (9) **6(kLTM 
Stl, (ffl) ±Ttry^fi^«^TBB«^BS 

[0 3 8 3] StE*M^CL«S:i:oTS«Ufcit:il^ 

t^5^i««tlWUft<0T*5. CLfc TEMfciO 

<H*H (3 5 t ^ 5 C *<# fr-Dfzo 

[0 3 8 4] V>-?)V J CDcfc-5t3^O^C0$gS,e^6 
& 5 ^tr * 2>:<h«^ ^5 < TiBlitttt 1 
C9 (¥13 A) T»**t*<OH0<Z)ViB»«« (Z, Y) 

<0l|M*ii«*£tt<O 0 0 l>i©*-SntfH&4 
[0 3 8 5] P t S:ffl<hLfcit>^J tr&^Tfc, V 

z <h k ± o t tefe « n« * niR^iii* h \zm » 6 nt ^ 

[0 3 8 6] -s->^jfcjB»fciinfc*Mll©BB«l*: 



(38) ftffl 2003-165799 
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*«H*«— 214 0 0 /im©jE*JB0)TSj*it< S«t5^Pa 
®»W<Dffi«fc!«£LTV>jfc. H i" > ^ J U M t ' O H T I Z , 
M^lI^a«H^4 00^mx600 /im^Iffl 
<DW£©ttBfc** «fc -5 fc 2 0»WttBfcSB£U&. PS 

10 ttGaAsSSO< 11-2 0 >^r Tl*&. it 

;i/L, MTU Kjr — XDEi&ttfa (if^^ft) tt< 
11-2 0>iLfe^ <1 - 1 0 0><hlTt)gk 
[0 3 8 7] [%ffiM4 (G a NSr^itt^ ; El 1 
3) ] GaNfm GaN^WlTGaN^) 

20 gkCDm^L^-efo&o ^ISttlOMm-5 0/iml:a 
^O^Tl^Co $ SfcK 522 5 0 0 m 

[0 3 8 8] a^£LTC®£^M£T3+>-:7 7-f *VS 

tee i eiaatbfc 013 (1) ) . ^yy-f^&me 

1 OD^Bt^JftHVP E*£Tff£3$3 /im^G aNXbf 
0 6 2ft^Hfcl««a-a:& (H 1 3 (2) ) . *7y-f 
50 tSSiCG aNB<0±KiE=ft»(Oia<0^|Sj*«G aN 
(D< 11-2 0>K¥frfc&*«fc3*^;i':/l'— h**3 
^T^0).L^6GaN Srfcf e>£Hfc. » JBfl?L fc« 
SWAOMGaNl0il:f«ti)o r/U— 
h*!**-*-***:* G a NfOllwld: iT^Mf 6 3 
*t6lsIJS#©fi:Bfcfi!BSnfci:i:t3a:S. *-n**H 1 
3 (3) C^-rtRHt'TftS. 

[0 3 8 9] WSGaNiSffif^fSGaNaS^ 
^^^^l/^U- h^i^bG aNB±l:«*lfc 2ffil 

aNi^^j*77<tSS 

it>^;i/0 : ««t UTG a N^Kfltfif SEBLfcG 
a N®o^+hy r -r ^ffiffi 

[0 3 9 0] :n»3lfiil:, HVPESWoTGa 
N©J»^H&J«**-a-fc. *CD#ttJ4*««l, 2, 3 

^fiib, Ga#-M180 OtfcJPlRU HC I ^7K^ 
50 ^ch?»€r, GaClt&StLT*^, T>^nTchJS^ 



• . * (39) 
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[0 3 9 1] (xfcf/jfcR&flO 
/Sfiififfi 1 0 5 0t 
NHa #JEE 0. 3atm(30kPa) 
H C 1 #JEE 2. 5X10- 2 atm (2. 5kPa) 

AAf^m iobswi 

fifcRRff » 1 4 0 0 /x m 

[0 3 9 2] £<BJERfil£<koT, Rl 4 0 0/im<DGa 

i:*iB»IBSrLT^fc. RIM^BU (4) tc^T i0 
<fc3&fc<DK:&bfc. »trftH©77t^ hiS6 6fr 

sftse* h^aaf(raflijiEL/tiKjin?fipaE"rs. tr^ 

IBfcttTffl«6 7 (CM) £yhJ£6 9«M3C 

t^i, 7 MS 6 6 «fcOfc«»A<0»H]M<0:7 7 

■fey MB (cttJBJBan**^:*^) bTl^t)(Dfe 

[ 0 3 9 3] g6 9 KjS<ffi##ffl«lKffi»^fB« 
(H) 6 (K) 7 0 J; o Tf±^ 6 -20 

tittle 7 7 1 7 M 6 6 (DaTtjgMSK 7 0 0 
n«l^*»SiifiKfi[|»#«*Z (6 4) X?&£ 0 spSjS 
6 7 60ifiT^«SS(aitefi:*«B* (Y) 6 8X*&£ 0 ^ 
*0 tf^ M£6 9-BH«£Mft««Wt (H) 65-16 

*Z, *J:OTS«6 7-J»ttA««gffiA«|* (Y) 6 

[0394] ^>y;i/N, ocoas^Eia^fe^/j^w 

«6 1<hffi («&-?) 6 3*HfJ0K<hLfc. 2Sf£3lffl 30 
>3MSt£1§£g<Z>*;£ $ <D G a NffltR W# e> n^co 

[0395] mi 3 (5) ^¥^-¥^s«^^kt 0 mm 
^n^MN, cm, ^as* (oooi) jsr^sg 

— «tC2WlC*^LS^WT»§o CL^TEMW 
«*ctt**««Htt*fli]iEU<, (8 £1*11;) AlHlMf* 

[0396] mmfrffiM&mmimHm*m&m<D!Km 

< Bfin^ li^otefi:tt«'>t§ 0 tt*tt*K (7 0) 50 



WfBB 2003-165799 
^ £ '> LB8n^> JEW T»i*-r * £ C5t)^ofeo 4M£ A 

it>yjl/N : 1 x 1 0 6 cm- 2 
+h>y;i/0 : 2 X 1 0 6 c m- 2 

[0 3 9 7] mmM4X^t^^^y^- Ha^TUfi 

a £tt < ft H„ £ cd cfc o ffllH^RB 

*^««H ©1 i Itffi A S C i 6. nfc. Ga 

(it>y;i/0) -cfoS^ftH*tfe^-3fc. 

[0 3 9 8] £ C-efcJFmW&mW&fzZblZG aNSt 
S«6 ltife[:i6 3 t>»5S-r-S^^«»<Z>¥SS« 

[03991 mmms (TJftas«-tt«M«*«£-r 

S ;Bl 4) ] LTCDS^igilchT^^^y-ri- 
Sffi7 1 ?:I;f Lit (0 14 (1) ) 0 it^yf^ffi 
7 1 <7)SMK^»MOCVDffiTjp<*iKl2 /xmcOGaN 
xtffi 7 2&£HfcjSft3ii:& (H14 (2)), 
[0 4 0 0] -m4 0 0 um<DJE = ftM<Dm<Dfifa&G 
aN7 2<D<1 1 - 2 0 > l:¥frl:ftl) <t o lEHflfl^S: 
PS ft < «L*86«)fe«/1^- >&1t:7 r -f ^StM±<^±lc 

©G a Nf 7 2 f:fii 7 0 /inKDRf A^i^c. mi 
4 (3) ^^fck^^ft^o GaN(B72O±J;0fcT 
«lS«ET*SRilKA 7 3 CD±T<^G a NffidftWBJiT 

LoZo Sm«5ttC<D<t'5fcT»»«ltM«*SI7 3 
£f &&CDX:&£o ^nttffiC0*t»^ffi^ftH^^G a 

->fet!7f 4 0 0 (im, «17 0/xmT$)^A[Hl» 
/1^->T*^)o Cin*/^->Pi:Uf(D/W->P 
&ft^&m&+J->~y)lsP LTZoV y-J)V¥ ifflchLT 

[0 4 0 1] :©SiP.ht;, HVPESCct^TGa 

3, 4T , ai'<fc'b<Di:PI^-c*S. iSCGa^-^ 

Iffi^IIL, G a#- h«8 0 0 < CJ^±^/jPf%L, H 
C 1 t7Xmy/X^Ga^-h^, 7>^x7i:7j<^/J^ 

^•y-fey^^<h^€-> Gac i^iux^6, r>^e 
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[0 4 0 2] (Xlffll«*#) 
Aftftffi 1 0 3 01C 
NI-I3 5^01 0. 25atm(25kPa) 
HCl^E 2. 0 X 1 0- 2 a tm (2 kP a) 

&-mm 1 2mm 

[0 4 0 3] ^^>J5Efi{r ctoL ft 1 5 0 0 /imCOG a 

9Bia^lUT*5»9KS4 0 0 wmObfy H*^»bT#aE 
T£ 0 t?y M«fcra¥ffitt7 7 (CM) #&*o tf^h 

»^l©77ty KBff (c(ftffi»*n^*:*^) ML 

[ 0 4 0 4] i£7 9 fc«K«#a<WIB*l«B«£«* 
(H) 7 5T&9, *£Hi*fc» (K) 80^^oTf±ti06 
tlTl^o 77t7 hffi7 6(OlIT^SSK8 0(D 

T*<m«gaffiett^«« (Y) 7 8T*5. 0£*3t?>;/ 
hJS7 9 -BB«*tt*^«« (H) 7 5-«7 3*t±T 
\Zi£&. 77t7h76 -¥*gSKfi&iaf^« (Z) 

74, &£zf^mm7 7 -m%£m&mz&m® cy) 7 
[0 4 0 5] v>y°)isP<Dmmzw&rf&&frzmwm 

X £ ?t o fc. S "TM «: WMUnX bT^7T-<^aiS7 
ltGaN!72 («7 3 £Rtf88#) £Bi]0fi£<hL 
fee S^JcSSMSrWWJIinXbTfc!^ h SriBMcSit^JfiS 

SiiLfCo 2-f >^i&tI|Slg(D*;#£ODG aNSfiW 
Znfz. Ell 4 (5) tc¥S¥m«^^^-To BMftK 

m^mmn t^<Dmm<Dmm$i,&&{&mftmw z , $ e> 
»nfe^&^ 

[0406] cnei^N, ora, i£t^£ (oooi) 

1*1 MX te— $ KliiBJ l:W5fc*W*5. CL^TEM 

z , & tut y £ b« ic^sij-r ^ c <t ^ 

a»*»*^««Htta»jiEu<; ch^rii;) a 

x$>& 0 mffi'xtfm&mmitDmmz-xfcs o /**n<&s 

[0 4 0 7] P^«^te*€rfiB«HOWBBtti«?gK(7)XRS 
<Kns^«eoT(Eff£tt»^T^. *SS«tl^K (8 0) 



(40) ftHI 2 0 0 3 - 1 6 5 7 9 9 
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£ '>L»n5/£JtT»»tS £ C 6 & o fc<, it>y 

;u p (Dmm^mumwmm z , y 

T<B¥iSWtt(Ett»flHa 1 X 1 0 6 cm^RTOo 
[0 4 0 8] ^<^ct-5lCGaNJB«:-«fKI»5SL/feT*fta 

10 GaNtt£5 itfi'l «9 flX & O £ G a N *S Hi <D JfE JWJ [S] 

[0 4 0 9] [mmM6 (GaNSfi, /1*->A;0 
l 5) ]^JKW 6 fc^v^Tr:asg<oit>^;i/*2pl»L 

->n^SS(S^5 0 um. H««fcfs/^4 0 0 urn) \Z 
ckoTfEdcLfcGaNSffiT»3 (HI 1 5 (1) ) . Z 

a*ss $ nwjs % $ nx 43 o , a is ± ^ x t? ^ ^ ^ ^ 

[0 4 10] Ott, D-7 7< -VSS±^S i O2 

■77-ftSS±tMOCVDSf:J:0S$ 2 //mCOGa 
Nxtfj«*JiftK»t, xtfdcfi)B^*Bf^/?$ 0. 1 /x 
m0SiO 2 |IW(,t, 7^MJV^77^- K 

[0411] z.n^y^f)VQh^ry^)VR^m^x, 
30 Q£R(D±\zmn\ZG aNX¥?*i/^ )if&mm&mtt 

ufe mi 5 (2) (3) ) o :nnn zLfm-wm 

IzmWL^v bVfzm, +t , J7i/XliH 2 XXLLT 
RUL, 1 0 3 Ot^MCTG aNXtf^^ytJH 
& JJjc fi $ it fz<> X e ^ + is r JUi Ofifcfi O l^T « 

[0 4 12] (Xlf««*fr) 

fSftfift 10301: 

^ NHa #JBE 0. 25atm(25kPa) 
H C 1 2X10" 2 atm (2kPa) 

deft SMS ft 1 0 mm 

[0 4 13] -e<^tt*. i^>7 P ;UQ, ^r>y°)VRL^[Z 
mZtf 1 0mmiK©GaN«fiO-f >=fy btfiftbtl 

U<D&m%zm&iii>Tf&&isX^tzo tuk>%* itcon 
9—>\zi&cx 2 > A7tm\z±mz^^xmmm^miy 

50 T, 114 0 0 /im077-fe*; h^e>/j:^)tf y h^JR^ig 



79 

£ * V > T . «M£/^-> «K Vt -T BE dft l«l^G a N K 

sfffiiR» ^ - >&& is tz <D t. mm (D&w&m \z & o t 

[0 4 14] tEZIZ, GK >rfy hRMO^ h<D 
15115 (3) tr^T* -e<0*g*. Q<f>ztyblZt$\,*T 

mi&&<Dmmxmm&m>&s 5 H©±fcttHH*tt*ft 

ffiJft8 5H#3I*«I^"CJ**U JMMttlEtttttfft* 
5 4 Z^>#ttiS(g:<te«i*«g«5 8 YOXlt l/fc- 
S(Ua:^*«*j|8ft(S(EttB[fl£fi«8 4 Z ^fctt^JSSlS 
fett & fig« 8 8 Y CO £ % 6 ^ *«ft LTl^CtW 

CO 4 1 5] utlbrii^ HCX^-f XiDX 

«:Jt LMWGa N»tE*« 0 ffl Lfct£, SSJWFi']* 

1^©GaNiS»bn/: (H15 (4) ) . 
[0 4 16] £ftS<0*«tt, W 2~3*fctt 

*5ti&n§. eineoffiSte, *iM£ (oooi) 
mis< 6\B\ttmzm&T*&?), ^(bmmttfewxfo 
* ic«e-p Tfiffi*Ktt»'>T5. Aim tdcfc ^ xummiK 

ffi«ft!fcL ^fnfe 5 x 1 0 6 cm- 2 J^TT^, §H 

z.<njjm*> m^m(D^m\m±{z^u^^mmm 

[0 4 17] 

[0 4 18] (1) bmfr*>te*\iy N*5feO 

(2) 77t7 huo^e^^e^ h*5fe^teffi*^88^ 

(3) ^r-tr-/ hffii*>S&*l£y h**<al£{4lfl£fflto 

[0 4 19] *$£W<D-J3&\Z&~dT, miLCDM&LXim 
81 'x N8 £| £r I I <7M4 H £ iEfld fM ffl L , f£.tefc co igft: 



(41) 2003-165799 

80 

aNSffite, tefl:ft«IiJiEL<»«©%v^ffl»k:*&$ 

(S(effi:ltt»««Z i:#ttft«<£fl[A««Y) Tftel&fcte 
t#*SHT*§o InGaNW^lz-lt'^t-K (L 
D) G a Nlfti LT^iScofeco£#*_ 

m 1] *389!#^1*M 2 0 0 1 - 1 0 2 3 0 7^lZ& 
10 ^xmmLfz^mizyr^y MH^&ft^bfy h*»J« 

aHarSftfc&l*? d<hSrIttBfl-r^fc6?><D*«lll| 0 (a) 

y hJ£^?g*££££^T#miElo (b) ttbf y hJStC 
H * o Ktt <OW fc» \t*R Jl Z> * 6 *#^ttMtt 

^ [0 2] *«W#3&«»W 2001-10230 7-^{C*3 

mz#^x7 7± v v u^mwtej&Bzijfat. \tm \z e y 

h<D\H\^]^\Z tSO T/Jjcift <h <h h \Z m& ^7 7t y 

h^SUcffl ^tbli$ etc: If ^ Nf^co^ffi^^»4 J T 
[0 3] *»§B#*«WBI! 2001-10230 miZte 

h O f^J |mJ ^ \Z m& -t&CDX f& S tifeC fcte /)^*7 7"t ^ 

il:i'<gfi^S^ IE -ft ^> <h ^ ^ c <h ^ IK 

SHf *fc»<Z)fciy hcWBBH. (1) ttjsjc-fi i fetch! 

v v & *\ fee ifim ^Ixm^m \z w zs ^> m& ^ % w*r&? 
%z-h*my\-tz>W\mm<> (2) ttriE*«ttfe^trty k 

[04] StffllC^T-fe^ hHf^S&Stfiy hft»riEL* 
Sf^SG aNS:IBafiEfi$5 7 7-fe7 h/iKfiffi(C43 
^T77t7 h«¥^W^Jc-S^^<h^»Hch 0 ^ hOi^j 
IfiJ * lc jSift T ^> (?) Tlijcft 4: £ fe fctett^ 7 7t^h 8!^ 

<Ki;*:teti:<Z)*^5RT**ffl»l^W*^««H**fi 

^ uicifflD s m ^ ma *mi£2i±z><D xmt if 
50 &fa<Df5%mjjm<Dmm&ffl.W'$'z>rzsb<D\dy h<omm 
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0 O (1) »4SE*ttfcK:b: y h!S^ft^I^LT» 

Tt2>z.£&titw*t2>vrmm. (2) »4flE«ittt)jchr^ 

[i5] TJfiS«©Jit£a£EffiL^<&±K:G aNS7 

<7)^i 0 £J|lttafi1E1felWflKttZ ft^fiEU ^©HDlc 
i^aiSfcft&fl^Y £t£tf & £ 5 t bfc*5S?B<Z)¥liS 
affifttf'J ^Affi+ScD^S^ffi^^-rElo iO 

[0 7] -FttS»«0±^a&EBb-t<Z)±fcGaNSr7 

[0 9] T^S1R^±^a*E90*fWtt/^^->TEH 

[0 1 0] Titiiffi«co±lcffi^z:[Hl^ttA 0 ^->TfiH 50 

[Hll 1] Tift3£tR^_L^G aNXtfSMS^t, ^ 
a)±i:lSBtLGaN*7rtiy MSftS-ti-xtfy h 
JK t H » ^ (6 H ft <7) « 0 ¥«S S (£ fete Pifi 

tt*J;3fcLTi*a*J*«;&1*fc** Ttt!i»t££GaN 

[0 12] T«I«©±l:il»l:lS El 1/ G a N 6 7 40 

©HO tci»ttafitEffifttiHHJ*Z ft»fiRU ^©H 0 d 
l£» » <ft <Efi Y ft H » * «t -5 U T IB « * *ft * 
tt fc ft, T»» tE *** b ¥«l U W O 2 

[0 13] -y-7T-f-\rft£<^Jia*tR©±KGaNXt; 

*H**©«o^*ttatt<EttiB[#«i«zt»*u, -t 

©HO C#»afiilEfi*««Y«r»ttaj:5^LxT»a 50 
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*j£*S-t*fc»* ^T^SffiiGaNxtrB*!** 
U¥«KLfc*f8WO**«4k:^5Jll»afift*U 

[0 14] ^ttif(OR*S«<0±*CG aNXb! 

JBftfifcfiS-t*, GaNxt°I(:x7f>^Sl: t kDA 
t(OAOJ:l:GaN*77t-; bj£ft£1±Xtf 
* hlKtH»^H6*^««H&^OH0Jw#jBaffitefi 

HttMttzejiuftu ^o)HDfc*ttafi<effi*««Y 

[0 1 5] *«*©*>fi«|ia)/t^ — >A*ffl^Tff« 
btGaN««8T»»8tbTttK fflteESiTf, 
tO±fcGaNXtiS7rtyhfiSftSt, HfHKNB 

ttafi£tt*«MY. vttafi£ficiK#M«zo±ica 
¥«i a sfefi a«m y % i^isaetEffitt^flitt z©« 

6 fr&miS, £ nfc JP ^ GaNIBSSX^^XllIlIU W 
)iL/T^M0G a NM«6n^u<h^CT«i 

^mi^j 6 ica>**sj|itta*{b:» u »5 ASK^Hitxa 

lo 

[«W<&BHH 

GaN«a 
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